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S[\�fnKM\�\YS[GvSUGJL�eAL%\AKML%SUV�Z�X�KM\®hJL%ÕJZ]Q)\AV[hJL%V¸SU\zhJL%XgV[LgWYf[L�SUG_LxLXv7L%X%S"\YÓySUGiW»SµQJ\YZ]f[L\Rxw�KM\�\YS[G_Z]QJe
fnGJ\At_Õ]hMÔ�LHh_\AQJL�Z]Q)WYQMWYhvGJ\®XHK)WYQJQJL%VgcT\YS[GJLgV�Z�Z�fnL�fUWdÕ½Z]LgQTS"siWYVnS[f¸\YÓiS[GJL�\AÔ_opL%X%Sµf[t_XbG2Wdf¸f[GiWdV[s
L%hJeALgf�X%\At_Õ]hÆÔyL¥V[LgKM\��AL%hiR
y�z ���C�H{ Ñ 1>�_�Vr ÑIp Ñ=| 7r<�g�Yr p�o Ò$�_�B� l�Z]Q K)WYQ:N XBWYfnLgfgc�VUWYQJeYL)Z]K)WYeALgf�hJ\^QJ\YS�Xg\AKMs_Õ]L%S[L%ÕWN
hJL%f[X%VnZ]Ô�L�WÃeYZ½�AL%Q^\AÔ�opLgX%S]R"FHG_Z�fHZ]f�ÔyLgXBWdtJf[L¥SUG_L¥\AÔ_opLgX,S�Z�f�fnLgL%Q!ÓÁVn\AK WÃedZ]�YLgQ��®Z]LPZ�sy\YZ]QTS¯WdQJh
ÔyLgXgWYtJf[LrSUGJLxLgKvZ½SULgVHWYQJh¿VnLgX%Lgs_S[\AV�\YÓ7SUGJL¯WYX]O4t_Z]fnZ½S[Z]\AQ�hJL,�®Z]XgL¾WYV[LrQJ\YS"Õ�\®XBWdÕ½ZQ^gLgh�WdS�S[GJL¯f[WYKML
sy\YZ]Q4S�S[G4tJfrX%V[LgWdS[Z]QJe~}af[GiWdhJ\VZÊWYVnLBWYfb}bRµP¢S�Z�f�SUG_LgQ!QJLgX%Lgf[f[WYV(N�S[\)GJWYQJh_Õ]L¥SUGJ\AfnL�KvZ]f[f�Z�QJe)hiWdSUW
sy\YZ]Q4S[f�ÔEN�LX�®SUV[WYs�\dÕºWdSnZ�Q_e)S[GJLzf[tJV�Ó>WYXgL¥Z]Q!S[GJLzK)\YfnS�}bZ]Q4S[t_Z½S[Z½�ALq}¾K)WYQJQJL%V]R
� ÑIp ��� Ñ 1 Ñ=|  Í �Y� Ò Íqp �YrÁ� Î�laZ�GJLgQ hJLgQ_f[L)hiWdSbWdf[L%S�WYVnLMsJV[\��4Z�h_Lgh�c�Z]SzZ]fz\YÓ´SUL%Q hJL%fnZ]VUWYÔ�Õ�Ldc
L%f[syLgX%Z�WdÕ½ÕQNvÓÁ\YV��4Z�fntiWdÕ½Z�^gWdS[Z]\AQ¿s_tJV[sy\Af[L%fgcTSU\zVnLghJtJX%LxS[GJL�WYKM\AtJQTS"\YÓkZ]Q_ÓÁ\AV[K)WdSnZ�\YQ)f�SU\AVnLghMZ�QMSUG_L
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~$Z�eAt_V[Lv}�l"FHGJLzeAL%QJLgV[WdÕ�V[L%Xg\AQJf�SUVntJX%SnZ�\AQ^f[XbGJL%KML

eAL%\AKML%S[VnZ]XÃKM\�hJL,Õ�c�Ô:NEW2Õ�WYV[eYLÃWYKM\AtJQTS]R S¾QÆSUGJL�Xg\AQTSUV[WYV(NYcBZ�GJL%QEf[siWYVnf[LvhiW»SbW2Z]f¯sJVn\��®Z]hJL%h�c
Z½S¾Z]f¾QJLgX%LgfnfUWYV�NESU\�VnLPLiQJLÃS[GJLvKM\�h_L%Õ�S[\�Z�Q_XgV[LgWYf[LÃS[GJLvhJL%QJfnZ½S[NE\YÓm�YLgVnSnZ�X%LgfPRÃFHGJL%V[L%ÓÁ\YV[LYc�Z½S¾Z]f
Z]KMs�\AV�SbWYQTSµSU\�Xg\YQ4S[V[\YÕiS[GJLxWYKM\AtJQTS�\YÓ�Z]Q_ÓÁ\AVnK)WdS[Z]\AQ)fnSU\YV[Lgh)Z�QMSUG_LrVnLgXg\YQJfnS[V[tJX,SULgh2KM\�hJL,Õ�RxfrQ
Z]QTSUt_Z½S[Z½�AL�WdÕ�eY\AVnZ½SUGJK Xg\AQJf�Z�f�SUfxZ�Q!Õ]Z]QHTTZ�Q_e2SUG_L�Õ]L%�YL%Õ	\YÓ¸f�Z�KMs_Õ½ZQLJXBWdSnZ�\AQÆ\AV�V[LPLJQJLgKMLgQTSrSU\MÕ�\®XBWdÕ
eAL%\AKML%S[VnZ]XhO4tiWdQ4SnZ]SnZ�L%frfntJXbGÈWdfxX%tJVn�dWdS[tJV[Lz\AV�WdV[LBWFR
� ÑIp ��� Ñ 1 Ñ=|  Í �Y�	�3�$��1 r´� Î l)S[GJL�fnSUWYÔ_Z½Õ]Z½S[N \dÓ�Xg\AKMsJt_SUWdS[Z]\AQ \YÓ�s_GEN®f�Z�XgWdÕ�sJV[\Ys�L%VnS[Z]Lgf�\AQ
WÆeYLg\AKML%S[VnZ]X�KM\�hJL,Õ�_>V[Lgf�Z�f�SbWYQ_XgL!WYeTWdZ]QJf�SvhJL%ÓÁ\YV[K)WdS[Z]\AQ�cmG_LBWdSgcQRWR c VnL]O4t_Z]V[Lgf)WÆKML%f[G \YÓxG_Z]eAG
eAL%\AKML%S[VnZ]X O4tiWdÕ½Z]S[N\RzFHGJL�O4tiWdÕ½Z]S[N^\YÓ"W¿KMLgfnG9K2WYN^Ô�L�hJLPLiQ_Lgh9Ô:NÆfnL%�AL%VUWdÕ¸K2WdQJQJLgVnf�
��q"��}���R
S¾QESUV�ZºWYQ_eAt_Õ�WdSUL%hEK)\®hJL,Õ�f%c�S[GJLveAL%\AKML%SUV�Z�X�O4tiW»Õ]Z½S[NEK)WYNEÔ�LvKMLgWYf[tJVnLgh Z�Z]S[GESUGJLvKvZ]Q_Z�K�tJK�c
KMLgh�ZºWYQ9\AV¾W��YLgV[WYeALMWYQJedÕ�LÃ\dÓ"S[GJLÃfnL%Sz\YÓµSUV�ZºWdQJeYÕ]Lgf]R�FHGJLÃS[\Asy\YÕ�\YeYZ�XgWdÕMO4tiW»Õ]Z½S[NÈ\YÓ�W¿S[VnZ�WYQJeAt�`
Õ�WdS[Z]\AQÈK)WYN^Ô�L�K)LgWYf[t_V[Lgh9Ô:N!SUGJLvWB�YLgVUWdeALÃQ4tJK�ÔyLgV¥\dÓm�ALgV�S[Z]XgL%fzWYV[\At_QJhELBWYXbGÈ�YLgV�SULX�È\YÓmSUG_L
S[VnZ�WYQJeAt_Õ�WdSnZ�\AQBR

~iLPZ©LX�®Z]fnS[Z]QJe!WdÕ]eA\AV�Z]S[GJKMf¾K)WVN^ÔyLÃXg\AQ_fnZ]hJLgVnLgh WYf }aeYLgQJL%VUWdÕ�V[LgX%\AQJf�SUV[t_X%S[Z]\AQj}zS[LgXbGJQ�Z�O4tJL%f]RÃ~i\AV
SUG_LrVnLgXg\YQJfnS[V[tJX,S[Z]\AQ¿ÓÁV[\YKÉ�A\YÕ]tJKML%S[VnZ]X¯Z]K2WdeALgf%c®S[Z�\ÃWdÕ]eA\AV�Z]S[GJKMf�WdV[L Z�Z�hJL,ÕQN)tJfnLghiRµ~$Z�VnfnSBc4Z]f[\AfntJVnÓ>WYX%L
LX�®S[VUWYX,S[Z]\AQ�c®\YÓ´SUL%Q¿ÔiWYfnLgh�\YQ2SUG_L¾ØÆWdV[XbG_Z]QJe e�tJÔyLgf�WdÕ]eA\AVnZ½SUG_K�
��e��T���yX%\AQJfnZ]fnS[f�Z]Q¿XgVnLBWdSnZ�Q_eÃW�KML%f[G
Xg\YV[V[L%f[sy\AQJh_Z]QJe!SU\ÈW�eYZ½�AL%Q Z�fn\��YW»Õ�tJLUR�FHGJL)SULgXbG_Q_Z�O4tJL¿K2WYN WdÕ]f[\^Ô�L)tJfnLgh ÓÁ\AV¥S[GJL2VnLgX%\AQJfnS[V[tJX,S[Z]\AQ
ÓÁV[\YK hJLgQJfnL¯V[WYQJeAL�Z�K)WYeYLgf�
�e����A��� R��r\VZ�L%�YLgVgc_Ô�L%XBWYtJfnLrZ½S�h_\�L%f�QJ\dSHWdÕ½Õ]\bZ SUGJLrXg\AQTSUVn\YÕy\YÓ7S[GJL¯KML%f[G
hJL%QJfnZ½S[N!WYQJh O4tiWdÕ½Z]S[NYckZ½S�XBWdQJQJ\YSxÔyL�X%\AQJf�Z�hJL%V[L%hÈWYfxWveALgQ_LgVUW»Õ�V[LgX%\AQJf�SUV[t_X%S[Z]\AQ!SULgXbG_Q_Z�O4tJLUR
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Ö¯L%Õ�WYtJQJWVN�S[L%SUV[WYGJL%hJVnZ]fUWdSnZ�\YQÈWYQJh^f[L%VnZ�WdÕ$fnÕ½Z�X%L�VnLgXg\YQJfnS[V[tJX,S[Z]\AQ 
 �����YN��	WYV[L�Z�Z]hJL%ÕWN!tJf[L%hÈWYf Z�L%Õ½Õ
ÔJt_S2XBWdQJQJ\YS)Z�QTS[LgV[sy\YÕ�WdSUL!KvZ�fnfnZ]QJe hiW»SbW sy\YZ]QTSUf)fnZ]QJXgL!SUGJLXN h_\ QJ\dS2Z]QJXg\YV[sy\AVUWdS[L!WYQ:N fnKM\�\YS[G_Z]QJe
KMLgXbGiWdQ_Z�fnK RÉ~itJV�SUGJL%V[KM\AV[Ldc�SUGJ\AfnLEWdÕ]eA\AV�Z]S[GJKMf�V[LPO®t�Z�VnLÈSUGiWdS¿hiWdSUW s�\dZ�QTSUf¿K�tJf�S�Ô�LÈfnLgeAKML%Q4S[Lgh
ÔyL%ÓÁ\AVnLgGiWYQ_hiR

Ö¯L%ÓÁ\YV[K)WYÔ_Õ]LvKM\�hJL,Õ�fzWdV[L!Z�L%Õ½Õ½`¢f[t_Z½SUL%hEÓÁ\AV¾eAL%QJLgV[WdÕ¸\AÔ�opLgX%SzVnLgX%\AQJfnS[V[tJX,S[Z]\AQ9Ô�L%XBWYt_f[LÃSUG_LPNÈK)W\TdL
Õ½Z]SnS[Õ]L¥WYf[fntJKMs_S[Z]\AQ�WYÔy\At_S�SUGJL¯f[GiWYsyL¯S[\ÃV[L%Xg\��AL%V�WYQJh¿S[GJLPN¿XBWYQ5L_Õ]S[LgV�WYQ_h�V[L%Xg\AQJf�SUVntJX%S�\AÔ�opL%SUf�ÓÁV[\AK
�dWYVnZ]\AtJfµS[N®s�L%f�\YÓ7hiWdSUWYf[L,SUf]RKw�L,�AL%VUWdÕyÓÁ\AV[K)WdÕiÓÁV[WYKMLPZ�\AVkT4f�\YÓ&hJL,ÓÁ\AV[K)WYÔ_Õ]LxK)\®hJL,Õ�f�LX�®Z�f�SBc�ÔJt_S�W�X%\AKÃ`
KM\AQ!WYsJsJVn\TWYXbG�X%\AQJfnZ]fnS[f�Z�Q�ÓÁ\AVnK2W»Õ]ZQ^%Z]QJeÃSUG_L¥hJL%ÓÁ\AVnK)WdS[Z]\AQ!WYf�W��dWYV�ZºWdSnZ�\YQiWdÕ�s_V[\AÔ_Õ]LgK{Z�QT�Y\YÕ]�4Z]QJe2WYQ
Z]Q4S[LgVnQiWdÕyLgQJL%V[e\NvS[GiWdSµL%Q_ÓÁ\AV[X%Lgf�f[\AKML�Xg\AQTSnZ�Q4t_Z½S[N)Xg\AQJf�SUV[WdZ�QTS[fgcJWdQJh¿WdQ2L
��S[LgVnQiWdÕyLgQJL%V[e\NMX%\AQTSUVn\YÕ]Õ½Z]QJe
SUG_L¯X%Õ]\AfnLgQJL%f[fH\YÓBLJSYRmFHG_L¯SUV[WYhJL,`¢\\v�ÔyL%S[Z�LgLgQ�Z]QTSUL%V[QiWdÕ7WYQJh¿LX�®SUL%V[QiWdÕ�LgQ_LgV[eUN2eY\C�YLgVnQJf�SUG_LrÔyLgGiWB�4Z]\AV
\YÓ�hJL%ÓÁ\AVnK)WYÔ_Õ]L2KM\®hJL%Õ]f�WYQJh S[GJLgVnL%ÓÁ\AVnLvSUGJL,Z�V�WYÔ_Z½Õ]Z½S[NESU\!V[L%Xg\��AL%V�S[GJLMf[GiWYsyL)\YÓ�WYQ \AÔ_opL%X%S�L%�YLgQ Z]Q
sJVnLgf[L%QJXgL�\YÓkQ_\YZ�fnL�WYQJhv\Yt_S[Õ½Z�L%V[fPRµØÆWYQ:N�V[LgfnLBWYVnXbGJLgVnfµGiWB�AL�sJVn\As�\Yf[LghvVnLgX%\AQJfnS[V[tJX,S[Z]\AQMf(N®fnS[LgKMfµÔiWYfnLgh
\AQ hJL%ÓÁ\AVnK)WYÔ_Õ]L¿KM\�h_L%Õ]f 
�e9egf¾���_c$Ö �xPp�_}Ac��zØÆ�AN�c�Ø!XgPp�AN_cde�ØÆ� � ��_ÁÓÁ\AV�W^f[t_Vn�ALXN \YÓ�hJL%ÓÁ\YV[K)WYÔ_Õ]L
KM\�h_L%Õ]f�Z]Q!K)L%h_Z]XBWdÕ&Z]K)WYeALzWYQiW»ÕQN®fnZ]fxf[LgL 
ÿPpF��A� � cXR �r\VZ�L%�YLgVgckÓÁLPZ f(N®f�SULgKMf¯WYhJhJVnLgf[f�SUG_L¥sJV[\AÔ�Õ�L%K�\YÓ
eAL%QJLgV[WdÕ�f[tJV�Ó>WYXgLzVnLgXg\YQJfnS[V[tJX,S[Z]\AQ�ciZ�Q!siWYV�S[Z]Xgt_Õ�WYV�SUG_L L_�AL¥SbWYf(T4fxÕ½Z�f�SUL%h^Z]Q!S[G_Z�f�siWdVUWYeAV[WYsJGiR

%'&�� 	 *�
�A'.� 036�2�*�� A��-*�2�C
f Q_LgXgL%f[f[WYV(N Xg\AQJh�Z]SnZ�\AQ ÓÁ\YV�sJVn\Asy\AfnZ]QJeEWÆeYLgQJL%VUWdÕ�V[L%Xg\AQJf�SUVntJX%SnZ�\AQ f�N�f�SUL%K ÔiWYfnLgh \YQ hJL%ÓÁ\YV[K)WYÔ_Õ]L
KM\�h_L%Õ]fgc�Z]f�S[GiWdS�QJ\ÆVnLgf�SUVnZ]X%SnZ�\YQ LX�®Z]fnSUf�\AQ S[GJL2eYLg\AKML%S[V(N \AVzSUGJL)SU\Asy\YÕ]\Ae\NE\dÓHSUGJL)V[L%Xg\AQ_fnSUVntJX%S[Lgh
\AÔ_opL%X%S[f]RrFHGJLgVnL%ÓÁ\AVnLYc�Z½SxZ�fr\YÓmG_Z]eAG^Z]KMs�\YVnSbWdQJXgL�SUGiWdSxSUG_L�f[t_VnÓ>WYX%L�V[L%sJV[L%f[L%Q4SUWdS[Z]\AQ9WYfnf[\®X%Z�WdSUL%hmZ�Z½SUG
WvhJL%ÓÁ\YV[K)WYÔ_Õ]LzK)\®hJL,Õ�cJZ]fxWYf�eALgQJL%VUWdÕ$Wdfxsy\AfnfnZ]Ô_Õ�LUR

PRQ¿SUG�Z�fHfnLgX,S[Z]\AQ�cFZ�L¾VnL%�4Z�LXZ K)\YfnSH\dÓ�SUGJLrh_ZWv7L%V[LgQTS�VnLgsJVnLgfnLgQTSbWdSnZ�\YQJf�\YÓ&hJL,ÓÁ\AV[K)WYÔ�Õ�LrK)\®hJL,Õ�f�WdQJh
SUG_LgQ!LX��s_Õ�WdZ�Q^\AtJV�WYs_sJV[\TWdXbG^ÔiWdf[Lgh^\AQ!WvQJLPZÊfntJVnÓ>WdXgLzV[L%sJV[L%f[LgQTSUWdS[Z]\AQiR

%'&�� ���-*�� 0'.10�� *B<1*/.1J�� 0M<HJ�A3,��~.FA'6a2�*��
Ø^\Af�S�VnLgX%\AQJfnS[V[tJX,S[Z]\AQÃf�N�f�SUL%K)f¸WYV[L"ÔiWYfnLgh�\YQ�siWYV[WYKML%S[VnZ]X�VnLgsJVnLgf[L%QTSbWdSnZ�\AQ_fgcTf[t_XbGvWYf$f[s_Õ½Z�Q_Lgf�\YV�LJQ_Z]S[L
L%Õ]LgKML%Q4S[f]R9f³siWYV[WYKML%S[VnZ]X�VnLgsJVnLgf[L%QTSbWdSnZ�\AQÆXg\AQJf�Z�f�SUfxZ�Q^W)X%\AQTS[Z]Q4tJ\AtJfxSUVUWdQJfnÓÁ\AVnK)WdS[Z]\AQ!Ô�L,S[Z�L%LgQÈSUG_L
siWYV[WYKML%S[LgV)f[siWYX%L�� L%K�ÔyLghJh_Lgh Z]Q SUG_LÆqmtJX,Õ]Z]hJLBWdQ s_Õ�WYQJL��  "!2WYQJh SUGJL!f[tJV�Ó>WYXgL!\YÓ¾S[GiWdS)\AÔ_opL%X%S]R
FHGJLÈsJWYVUWYKML,SUVnZ]XÆVnLgsJVnLgfnLgQTSbWdSnZ�\YQGiWB�ALEf[L,�AL%VUWdÕ¾WYh_�dWYQTSbWYeYLgf¿\��YLgV�tJQ_fnSUVntJX%S[tJV[L%h K)L%f[GJL%f]RÊ~$Z�VnfnSBc
SUG_L2fnGiWYsyL¿\YÓ�SUGJL2\AÔ_opLgX,S�Z]f�h_LPLiQJL%h L%�YLgV�NqZ�G_LgV[LURÆFHG�Z�f�ÓÁLBWdS[tJV[L)Z�f�\YÓ´SUL%Q VnL]O4t_Z]V[Lgh Z�Q G_Z�eYG Õ]L%�AL,Õ
SbWdfkT4f�f[t_XbG Wdf¿�4Z�fntiWdÕ½Z�^gWdS[Z]\AQ \AV egf¯Ö hJLgf�Z�eYQiR w�LgX%\AQJh�c�Z½S�WdÕ½Õ�\VZ�f�S[GJLÆf�SbWYÔ_Õ]LEXg\YK)s_t_SbWdSnZ�\YQ \YÓ
eAL%\AKML%SUV�Z�X�LgQTSnZ]SnZ�L%f¯f[t_XbGEWYf�QJ\AVnK2W»Õ	\YVnZ]LgQTSbWdSnZ�\YQ^\AV�X%tJVn�dWdS[tJV[L%f-Z�G_Z]XbGÆZ]frKM\AVnL�s_V[\AÔ_Õ]LgK)WdSnZ�X Z�Z½SUG
tJQJf�SUVntJX%S[tJV[L%hÆKMLgfnGJLgfPR

�r\VZ�L%�AL%VgcmsiWdVUWYKML%S[VnZ]X,`¢ÔiWYf[L%h VnLgXg\YQJfnS[V[tJX,S[Z]\AQ K)WdZ]Q_ÕQN9fnt1v�LgV[f�ÓÁV[\AK�S[Z�\^sJV[\AÔ�Õ�L%K)fPR�FHGJL LiV[f�S
\AQJL�Z�f¾S[GiWdS¾S[GJLPNÈWYV[LÃQ_\YSaZ�L%Õ½Õmf[t_Z½SUL%hESU\�V[L%sJV[L%f[L%Q4S�eAL%QJLgV[WdÕmfnGiWYsyLgf]R ��L%XBWYtJfnLvsiWYV[WYKML%SUL%VnZQ^%Z]QJe!W
f[GJWYs�LÃZ]f¥L]O4t_Z½�dWdÕ]LgQTSzSU\�K)WYsJs_Z]QJe�W�f[tJÔ_f[L%S�\YÓµS[GJLMqmtJX%Õ½Z�h_LBWYQ s_Õ�WYQJLv\AQTSU\�S[GiWdSzfnGiWYsyLYc&sJVn\AÔ_Õ]LgKMf
\®XgXgt_VKZ�GJL%Q¿SUGJLr\AÔ_opL%X%S�Z]f�Q_\YS�\dÓ&s_Õ�WYQiWYV%c®XXN4Õ]Z]QJhJV�Z�XgWdÕ�\AVµSU\YV[\YZ]hiWdÕkSU\Ys�\YÕ]\Ae\N\Rm~i\AVµf[sJG_LgVnZ]XBW»Õ�f[GJWYs�L%f
ÓÁ\AVµZ�Q_fnSbWdQJXgLdcFZ�Z½SUG ^%LgV[\�eALgQ4tJf�WYQJh�QJ\�GJ\YÕ]Lgf%cJWdS"Õ�LgWYfnS�\AQJLxhJLgeYLgQJL%VUWdS[L¾s�\dZ�QTS�\AV }bs�\YÕ]Lq}�Z�f�XgVnLBWdS[Lgh
� � ó'�X�t�X�X�
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~	Z]eAtJVnL �Fl9FHGJLÆsiWYVUWdK)L,SUL%VnZQ^BWdSnZ�\AQs_V[\AÔ_Õ]LgK l7_�W�c2FHGJLÈX%tJVn�YLÈKvZ�Q�Z�KvZQ^%Z]QJe SUGJLÆWYsJsJVn\V�®Z]K)WdS[Z]\AQ
ÓÁtJQJX,S[Z]\AQiWdÕ�\YÓµL]O4tiW»S[Z]\AQ }!Z�Z½SUG��	��
�����¿WYQJh���
��������x_<Ô=c�fUWYKMLvWdf�_�W:c9Z�Z]S[G��	��
�����m_<XVcrFHGJL
Xgt_Vn�AL�KvZ�Q�Z�KvZQ^%Z]QJe2S[GJL¥Z�QTSUV�Z�Q_fnZ]X�WYs_sJV[\Y�®Z�K)WdSnZ�\YQ!ÓÁtJQ_X%S[Z]\AQiW»Õ�\YÓ�LPO4tiWdS[Z]\AQ ��Z�Z½SUG���
������1R

Ô:N¾SUG_LmK2WdsJs_Z]QJer\dÓJWHs_Õ�WYQJLµ\AQTS[\rW�fnsJGJLgVnL\R�FHG_Z�f�sy\YZ]Q4S$L%Q4SUWdZ½Õ�f�K)WYQ:N¥sJVn\AÔ_Õ]LgKMf&Z�Q¥SUG_L"h_L%ÓÁ\AVnK2W»S[Z]\AQ
\YÓySUGiW»S�fntJVnÓ>WdXgLxÔ�L%XBWYtJfnL¯W»S"S[GiWdSµ�AL%VnS[LX��c�Q_\AV[K)WdÕyWYQ_h2X%tJVn�dWdS[tJV[LxXBWYQ_QJ\YS"Ô�L�X%\AKMsJt_SUL%h2Z]Q�W¥fnSUWYÔ_Õ]L
K)WYQJQJL%V]R f Õ�\dS¿\YÓ�Z�\AV(T GiWB�YLÈÔ�L%LgQhJ\YQJLÆZ]Q SUGJL LiL%Õ]h\YÓzX%\AKMsJt_SUL%V�WdZ]hJLgh eALg\AKML,SUVnZ]XÈhJL%fnZ]eAQ
SU\ \��AL%V[X%\AKML9S[GJ\AfnL9S[\Asy\YÕ�\YeYZ�XgWdÕ¾s_V[\AÔ_Õ]LgKMfPR f s�\As_t_ÕºWdV�WYsJsJVn\TWYXbG Xg\AQ_fnZ]fnSUf�Z]Q fnLPZ�Z]QJe f[L%�YLgV[WdÕ
siWYV[WYKML%S[VnZ]X!sJWdSUXbGJL%f�WYQ_h Ô:N LgQ_f[tJV�Z�QJe SUGiW»SMsJV[\AsyLgVMeAL%\AKML%S[VnZ]X^X%\AQTS[Z]Q®t�Z]S[N Z]f)VnLBWdÕ½ZQ^gLgh Ô�L,S[Z�L%LgQ
siWdS[XbGJLgfPR�~i\AV"Z�Q_fnSbWdQJXgL �r\YsJs�LzWdQJh�qmX�T 
 q �r�A� ��tJfnL¥SUGJL¾X%\AQJf�SUV[t_X%S[Z]\AQ!f[XbGJL%KML�\YÓ	l$L%SUL%V[f 
��A� � �7S[\
ÔJt_Z½Õ]h�� ��Xg\AQTS[Z]Q4tJ\AtJf¯f[tJV�Ó>WYXgL%f¾\YÓµWYVnÔ_Z½SUVUWdV(N�SU\Asy\YÕ]\Ae\N Z�G�Z]Õ]LÃ\YS[GJLgVrV[LgX%\AQJf�SUV[t_X%S[Z]\AQEf�N�f�SUL%K)f¥fntJXbG
WYf ��\®\As�WYQJhÃÖrL�wx\Yf[L�
 ��Ö¾�"!��®VnL%ÕWN�\AQ�h_ZWv7L%V[LgQTSmsJWdSUXbGÃX%\AV[Q_LgV[f�f[tJXbGMWYfdw_WYÔ�Z�QÃQ_L%SUfPRMf¯Q�Z�KMsy\AVnSUWYQTS
Xg\YQJfnS[VUWdZ]QTS¯Z]QÆ\AVnhJLgV�SU\2L$#)X%Z]LgQTSnÕQN^V[L%sJV[L%f[LgQTS¥eYLgQJL%VUWdÕ$hJL,ÓÁ\AV[K)WYÔ_Õ]L�K)\®hJL,Õ�fDZ�Z]S[GÆf[s�Õ]Z]QJL�sJWdSUXbGJL%frZ]f
SUGJWdSrS[GJL%�%��X%\AQTS[Z]Q®t�Z]S[NÆL]O4tiWdSnZ�\AQÈWYXgVn\Af[f¾sJWdSUXbGJL%f¾K�t_fnS¥ÔyL�Õ½Z�Q_LBWYVxZ�Q!SUGJLÃX%\AQTSUVn\YÕ$s�\YZ]QTSUfPR¾FHGJ\AfnL
Xg\YQ4SnZ�Q4t_Z½S[N2Xg\AQJf�SUV[WdZ�QTS[f�WYXgVn\Af[f�siWdS[XbGJLgfHt_f[tiWdÕ½ÕWN2L%QTSbWdZ½Õ�S[GJL¾WdhJh_Z½S[Z]\AQ¿\YÓ&W�Õ�WYV[eALxQ4tJK�ÔyLgV�\YÓ&Xg\YQ4S[V[\YÕ
sy\YZ�QTS[frWdQJh!ÓÁt_VnSUG_LgV[KM\AVnL¥SULgQ_h!S[\)Ô_V[LBWUT¿SUGJLzGJ\YK)\YeALgQJL,Z]S[N�\dÓ	S[GJLzK)L%f[G 
�&L%Z��AN�� R

FHGJL¯fnLgX%\AQJh�sJVn\AÔ_Õ]LgK Õ½Z�L%f"Z]Q2S[GJLxQiWdSUt_V[Lx\YÓ7S[GJLrsJWYVUWYKML,SULgV�Z�^gWdS[Z]\AQ)SUGiWdS�eAVnLBWdSnÕQNvZ]Q1`itJL%QJXgL%f�SUG_L
hJL,ÓÁ\AV[K)WdSnZ�\AQE\dÓ"S[GJLÃKM\®hJL%Õ¸WYQJhÈSUG_LgV[L,ÓÁ\AV[LÃZ½SUf-LiQiWdÕmfnGiWYsyL\R�FHGJLÃZ]Q1`itJL%QJXgLM\YÓmS[GJLvsiWYV[WYKML%S[LgVnZQ^BWC`
S[Z]\AQ \AVnZ]eYZ]QiWdS[LgfzÓÁV[\AK S[GJL)QiWdSUt_V[L)\YÓ�Ó>WdZ]V[Q_Lgf[fzÓÁtJQJX,S[Z]\AQiWdÕ]fzSUGiWdS�WYVnL)t_f[tiWdÕ½ÕWN h_LPLiQJL%h Z]Q S[LgV[KMf�\YÓ
siWYV[WYKML%S[VnZ]X,`Rh_LgsyLgQJhJL%QTSHLgQTSnZ]SnZ�L%f�f[t_XbG�WYf"siWYVnSnZºW»ÕkhJLgV�Z]�dWdSnZ]�YLgf]R"FHG_Z]fµZ�fµSUGJLxXBWdf[L�ÓÁ\AVmZ�QJf�SbWYQ_XgL¯\dÓ7SUG_L
Z�Z]hJL%ÕWN9tJf[L%h�c'&)(�*)+-,/.102&43¯ÓÁt_QJX%SnZ�\AQJWdÕ�c�SUGJWdS¥Z�f�ÔiWYfnLgh \AQ LiV[f�S�\YV[hJL%V�h_LgVnZ½�dWdS[Z½�AL%f]R ��LgXgWYtJf[Ldc	h_L%ÓÁ\AVp`
K)WdS[Z]\AQ)Z�f"Xg\AQ_fnSUV[WdZ]QJLgh�Ô:NMsiWYV[WYKML%S[VnZ]X,`Rh_LgsyLgQJhJL%QTSHÓÁtJQJX,S[Z]\AQiWdÕ]fgc®SUGJLxQiWdS[tJV[Lr\YÓ7S[GJLrh_L%ÓÁ\AVnK2W»S[Z]\AQ2Z]f
hJL%s�L%QJhJLgQTSr\AQ�SUGJLzQiWdS[tJV[Lz\YÓ$SUG_L�sJWYVUWYKML,SULgV�Z�^gWdS[Z]\AQiR

PRQ~LieAtJVnL ��cBZ�L)fnGJ\VZ W�f�Z�KMs_Õ]LMLX�_WYKMs_Õ]L)h_LgKM\AQJf�SUVUW»S[Z]QJe�SUGJLÃZ]Q1`itJL%QJXgLM\YÓ"siWdVUWYKML%S[LgV�Z�^gWdS[Z]\AQ
\AQ WdsJsJV[\Y�®Z]K2W»S[Z]\AQ sJV[\AÔ�Õ�L%K)fPREPRQ SUG_Z]fÃXgWYf[Ldc'Z�L�WYVnL�KvZ�Q�Z�KvZQ^%Z]QJeESUGJL¿ÓÁ\dÕ]Õ]\VZ�Z�QJeÈWYsJsJVn\V�®Z]K)WdS[Z]\AQ

����� � 




�����������
	��������� àiÚ ������� ÜRà � Ý � à�� ������ Ü ��������� �¨Þ$â 	���� �!� Ü�" � Ü �

sJVn\AÔ_Õ]LgK l
������� 
�� ��
	�� �� � 	

! � �� � 	���� ��� �	��� 	 ! _n}Vc
FHGJL�XbGJ\dZ�X%L�\YÓ�SUGJL�sJWYVUWYKML,SULgV �	�v\YÓ�S[GJL�WdSnSbWYXbGJKML%Q4SMsy\YZ]QTS���� �	����GiWdfvWÈhJVUWdfnS[Z]X�LPv�LgX,SM\AQ SUG_L
V[L%f[t_Õ½S[Z]QJe)WYsJs_V[\Y�®Z�K)WdSnZ�\AQ7ciÔ�L,S[SUL%V��4Z�fntiWdÕ�VnLgf[t�Õ]S[fxÔyL%Z]QJev\AÔ�SbWdZ]QJLgh Z�GJL%Q�SUGJL¾Z]Q_Z½S[Z�WdÕ&siWYV[WYKML%S[LgVnZQ^BWC`
S[Z]\AQ!Z�fxX%Õ]\Af[L�SU\¿WYV[XzÕ�L%QJeYS[GiRDS¾Q^SUG_L�\YS[GJLgVxGiWYQJh7cIZ�GJL%QÆSUG_L�fnK)\®\YS[GJQJLgfnf¯ÓÁtJQJX,S[Z]\AQiWdÕ�Z]fxZ]QTSUV�Z�QJf�Z�Xdc
Z]L�Z]QJhJL%s�L%QJhJLgQTS¥\dÓ¸siWYV[WYKML%S[LgVnZQ^BW»S[Z]\AQ�ckSUGJL�f[\YÕ]t_SnZ�\AQ^\YÓ�S[GJL�WYsJsJVn\V�®Z]K)WdS[Z]\AQÈsJVn\AÔ_Õ]LgK�Z]frQ_\2Õ]\AQJeAL%V
hJL%s�L%QJhJLgQTS¥\dÓ¸SUGJL�XbGJ\YZ]XgL�\YÓ �	�YR�PRQmLieYtJV[L �1_�W:cac�Z�L�tJf[L�SUGJL�Õ�L%QJeYSUGÆ\YÓ�S[GJL�X%tJVn�YLvWYf�SUGJL�Ó>WdZ�VnQJLgfnf
ÓÁtJQJX,S[Z]\AQiWdÕ'l � Z]QTSUVnZ]QJf�Z�X ����� 
 � �� 	 � �� � 	 �

�� � 	���� ��� �	��� 	 ! _ �\c
Ö¯L,SbWdZ½Õ�fm\YQÃSUGJLHX%\AKMsJt_SUWdS[Z]\AQiWdÕJWYf[syLgX,Sµ\YÓiSUG_\Af[L�WdsJsJV[\Y�®Z]K2W»S[Z]\AQMsJV[\AÔ�Õ�L%K)fµWdV[LHsJVn\��®Z]hJL%hMZ]QMWYsJsyLgQ®`
h_Z�� f�R7FHG�Z�f¥L
�JWdK)s�Õ�LÃVnL%�YLBWdÕ]f¾SUGJL�SUVUWdhJL,`¢\\v Z]QÈXbGJ\®\Af�Z�QJe�W2siWYVUWdK)L,SUL%V¾hJLgsyLgQ_hJLgQTSz\AVrsiWYVUWdK)L,SUL%V
Z]QJhJLgsyLgQ_hJLgQTS¥fnK)\®\YS[GJQJLgfnf¯ÓÁtJQJX,S[Z]\AQiWdÕ]f]R�l	WYVUWdK)L,SUL%V¯hJL%s�L%QJhJLgQTS¾ÓÁt_QJX%SnZ�\AQJWdÕ�f¯WYV[L�LBWdfnZ]LgVrS[\2GJWYQJh_Õ]L
Q4tJKMLgV�Z�XgWdÕ]ÕWN�Ô_t_S�S[GJL�O4tiWdÕ½Z½S[N¿\YÓ7SUGJL¯WYsJsJVn\V�®Z]K)WdS[Z]\AQ�hJL%s�L%QJhJfH\YQ¿SUGJLrKML%SUV�Z�Xrh_Z]fnSU\YVnS[Z]\AQ�\dÓ�Z]S[fHsiW»`
VUWdK)L,SUL%VnZQ^BWdSnZ�\AQBR3S¥QMSUG_Lr\YS[GJLgV"GiWYQ_h�c®Z]QTSUV�Z�QJf�Z�XxÓÁtJQJX,S[Z]\AQiWdÕ]f�eYtiWYVUWdQ4S[N)WzG_Z]eAG2Õ]L%�YL%Õ�\YÓ�fnKM\�\YS[GJQJL%f[f
ÔJt_S�Õ]LBWYh�SU\MX%\AKMs_Õ�L
�!QJ\AQ_Õ½Z]QJLBWYV�Q4tJKMLgV�Z�XgWdÕ$sJV[\YÔ_Õ�L%KMf]R

PRQMK)\YfnS"V[L%f[LBWdV[XbG)siWYsyLgV[f%cAÕ]Z½S[SnÕ�LxWdSnSUL%Q4SnZ�\YQMZ]fmsiWdZ]hvSU\¾S[GJL�LgVnV[\AVnfµZ]QTSUVn\�hJt_XgLghvZ]Q)WYsJsJVn\V�®Z]K)WdS[Z]\AQ
sJVn\AÔ_Õ]LgKMf�Ô:N)KML%SUV�Z�Xrh_Z]fnSU\YVnS[Z]\AQJf"ÔyL%S[Z�LgLgQ�S[GJLxsiWYVUWdK)L,SUL%V�f[sJWYXgLrWYQJh)SUGJLrf[tJV�Ó>WYXgLURµFHG_Z�f"Z�f"K)WdZ]Q_ÕQN
ÔyLgXBWdtJf[Lr\YÓ7S[GJLxÕ½Z]KMZ½SbW»S[Z]\AQ2S[\�\AÔ�opLgX%S[f�\YÓ7fnZ]KMs_Õ�LxSU\Asy\YÕ]\Ae\N _>s_Õ�WYQiWYV"\AVµXPN4Õ½Z�QJh_VnZ]XBWdÕ cXR��r\VZ�L%�YLgVgcJqµX�T
WYQJh �r\YsJs�L 
 q �¯�A���kGiWB�ALrWYhJhJVnLgf[fnLgh)SUG_Z]fµV[LgsJWYVUWYKML,SULgV�Z�^gWdS[Z]\AQ)sJV[\YÔ_Õ�L%K Z�Z½SUGMSUGJL�tJfnLr\YÓyGiWdV[KM\AQ_Z]X
K)WYsJfPR ��V[LgXbG4ÔJt_G_Õ�L%V¾WYQ_h��¥tJÔ_Õ]LgV 
 ������� � ��V[L%siWYV[WYKML%SUL%VnZQ^gL�X%Õ]\Af[L%hÆfntJVnÓ>WYX%Lgf�Z�Q!\AVnhJLgV�SU\MsyLgV�ÓÁ\AV[K
L$#)X,Z�L%Q4Sr\AÔ_opL%X%SrV[L%Xg\AeAQ�Z]SnZ�\AQBR

f¯f�WxX%\AQJX%Õ]tJf�Z�\AQ7cAÔJt_Z½Õ�h�Z�QJe¯siWYVUWdK)L,SUV�Z�X"hJL%ÓÁ\YV[K)WYÔ_Õ]L�KM\®hJL%Õ]f�\dÓiWYVnÔ_Z]S[VUWYV�N¥SU\Asy\YÕ]\Ae\N¾Z]f	Wrh_Z1#)Xgt_Õ½S
SbWdfkT h_tJLESU\ SUG_LEXg\AQJf�SUV[WdZ�QTS[f!\dÓ�GJW��4Z]QJe � �2X%\AQTS[Z]Q®t�Z]S[N WYX%V[\Afnf�siWdS[XbGJLgf!WYf Z�L%Õ½Õ�WYf TYL%Lgs_Z]QJe W
siWYV[WYKML%S[LgVnZQ^BW»S[Z]\AQ Z�Z½SUG9Õ½Z]SnS[Õ]L)h�Z�f�SU\AV�S[Z]\AQiRvP¢SzZ�f¥Q_\YS Z�L,Õ]Õµfnt_Z]S[Lgh ÓÁ\AV¾SUGJLÃSUWYfkTÆ\YÓ�eYLgQJL%VUWdÕµfntJVnÓ>WYX%L
V[L%Xg\AQ_fnSUVntJX%SnZ�\YQ ÔyLgXgWYtJfnL)\dÓmSUGJLÃX%\AKMsJt_SUWdS[Z]\AQ9LX��syLgQJfnL)\dÓµs�L%VnÓÁ\AVnKMZ]QJe�S[\As�\dÕ�\AedZ�XgWdÕ�XbGJWYQJeAL%f�fntJXbG
WYf�XgVnLBWdSnZ�Q_e2GJ\dÕ�L%fx\YVHÕ�\®XBWdÕ�V[LPLJQJLgKMLgQTS]R

%'&�� � AK, � 0'.10�� *B<F.HJ�; 	 *�
�A'.� 0'6a2�*�� A���*�2�C
F�\^\��AL%V[X%\AKML)S[GJLvSU\Asy\YÕ]\AeYZ]XBWdÕmVnLgf�SUVnZ]X%SnZ�\YQ \YÓ�siWYV[WYKML%S[VnZ]X)h_L%ÓÁ\AVnK2WdÔ_Õ�LMKM\®hJL%Õ]fgc$V[L%f[LBWdV[XbGJL%V[f�GJW��YL
hJL,�AL%Õ]\AsyLgh WdÕ]S[LgVnQiWdSUL�VnLgsJVnLgfnLgQTSbWdSnZ�\YQJf]R ~i\AV�Z]QJfnSUWYQJX%LYc�Z]KMs_Õ½Z�X,Z]S)hJL,ÓÁ\AV[K)WYÔ_Õ]L�KM\�hJL,Õ�f%c3Z�G_LgV[L�SUG_L
f[t_VnÓ>WYX%L2KM\®hJL%ÕmZ]fzhJLPLiQ_Lgh S[GJV[\YtJeAG WYQ Z]KMs_Õ½Z�X,Z]S�ÓÁtJQJX,S[Z]\AQ �!��"$#&%'#)(*��
 ��GiWB�ALMSUGJL2WYh_�dWYQTSbWdeALv\YÓ
QJ\YS�V[L%fnS[VnZ]X%S[Z]QJe!SUGJLMSU\Asy\YÕ]\Ae\NYc	X%\AQJQJL%X%S[Z½�4Z]S[N WYQJh SUGJL)eAL%\AKML%SUV�N9\YÓHS[GJL2fntJVnÓ>WdXgL\R¿PRQ KM\AfnS�XBWYfnLgf%c
SUG_L2ÓÁtJQJX,S[Z]\AQ Z]f�h_LPLiQJL%h \��ALgVÃW^V[L%eAt_Õ�WYVnÕWN9SUL%f[f[L,Õ]Õ�WdS[Lgh hJ\AK)WdZ]QiR!~i\AV¥Z�Q_fnSbWdQJXgLdc"Ø^X¿PRQJL%V[QJLXN WdQJh
F�LgVk^%\Asy\At_Õ]\Af 
ÿPpF�� � �rhJLPLiQ_Lgh SU\Ys�\YÕ]\AeYZ]XBW»Õ]ÕWN WYhiWYs�SbWYÔ_Õ]LÆfnQiW\TdLgf�SUG_V[\AtJeYG V[L%siWYV[WYKML%SUL%VnZQ^BWdSnZ�\YQ\AQ
V[L%eAt_Õ�WYV�f�Z�KMs_Õ½Z]X%Z�WdÕihJ\AK)WdZ]QiR¸ØÆWdÕ�WYh_Z_WYQJh �µLgK�tJVnZ 
ëØmw �¥� � �_sJVn\Asy\Af[L�S[\¯hJL,ÓÁ\AV[K×WrS[Z�\¥h_Z]K)L%QJfnZ]\AQiW»Õ
WYQJhÈS[VnZ]h_Z]K)L%QJfnZ]\AQiW»ÕmZ�KMs_Õ½Z�X,Z]S�KM\®hJL%Õ�ÔENÈsJV[\AsJWYeTWdSnZ�QJe2ÓÁV[\AQTSzÔiWYfnLgh9\AQÈS[GJLÃÓÁ\AV[K�t_Õ�WdS[Z]\AQE\YÓgS¾f[GJL%V
WYQJh w®L%SUG�ZºWYQBR�Ø!tJVUW\TTZ�
 Ø^tJV[�_}���WYQJh��zWYf[X%tJL%Õ 3 &'02.,+�
 F ���z� � �7sJV[\Ys�\AfnLgfHZ]KMs_Õ]Z]X%Z½S�KM\�h_L%Õ]f�ÔiWYf[L%h�\AQ
� � ó'�X�t�X�X�
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VUWdh_ZºW»ÕJÓÁtJQJX,S[Z]\AQJfmSU\�LJS"VUWdQJeAL�\AVmKMLgh�Z�XgWdÕkhiWdSUW1RmF$WYtJÔ_Z]Q 3 & 02.,+�
 F e9w_lµ�����HLJS[f�W»Õ�eAL%ÔJVUW»Z�X�Xgt_Vn�AL%f�WdQJh
f[t_VnÓ>WYX%Lgf�\YÓ�G_Z]eAG�h_LgeAVnLgL¥\AQ�V[WYQJeAL¯hiWdSbWFR'e�tJVnÕ]LgfnfxWYQJh �&L%�Y\VN 
�e��$�Y����tJfnL¾h_Z]fnSUWYQJXgL¥K)WYs_f�SU\ÃÔ_t_Z]Õ]h
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��� Z]fµW¾�AL%VnSUL
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FHGJL¯X%\AKMs_Õ]LX�®Z]S[N2\YÓ�SUGJLrXg\AKMsJt_SUWdS[Z]\AQ2\YÓ ���� � Z]f�Õ½Z�QJLgWYVµZ�Q)SUGJLxQ4tJK�ÔyLgV�\YÓ�KMLgfnG¿�AL%VnSnZ�X%Lgf]R�FHG_Z]fZ]f�f[GJWYV[s�Xg\AQTSUV[WYfnSjZ�Z]S[G�sJVnL%�4Z]\AtJfdZ�\AVkT¥\dÓyØ^L%SUWt�_WYf 
 ��Ø �H� � �_WdQJhÃF�LgV(^g\Asy\At_Õ]\Af 
 Ø^X%Pp�AN��EZ�GJLgVnL�SUG_L
Xg\YK)s�Õ�L
��Z½S[N!Z�f�Õ]Z]QJLgWYVDZ�Z½SUG!SUGJL�Q4tJK�ÔyLgVr\YÓ¸hJWdSbWMs�\dZ�QTSUfrfnZ]QJXgLzSUG_LPN!Xg\AKMsJt�SUL�S[GJL�h_Z�f�SbWYQ_XgL�\YÓ¸SUG_L
hiWdSUW)sy\YZ]QTSUf�SU\MSUGJL�KMLgf[GBR�FHG_Z�frKML%SUG_\�h�Z�frQJ\YSrWYsJs_V[\AsJV�ZºW»SUL¥ÓÁ\AV�eALgQ_LgVUW»Õ	fntJVnÓ>WdXgL�VnLgX%\AQJfnS[V[tJX,S[Z]\AQ
fnZ]QJX%L�Z]S�K2WUTYLgfÃS[GJL¿h_\AtJÔ_Õ]L�WYfnf[tJKMs_SnZ�\AQ S[GiWdSvW»Õ]Õ�hiWdSUW^sy\YZ�QTS[fÃÔ�L,Õ�\YQJeÆSU\^SUGJL�f[WYKML�\AÔ_opL%X%SMWdQJh
SUGJWdS�SUGJL%V[L�WYV[L�QJ\)\At_S[Õ½Z]LgV[fxZ�Q�SUG_L�hiW»SbW1R�~kt_VnSUG_LgV[KM\AVnLYckZ�Q!sJVnLgf[L%QJXgL�\YÓ¸hJL%QJf[L�hiWdSUW_cJSUG_Z]f¯KML,SUGJ\®h
ÔyLgXg\YK)L%f¸SU\®\¾Xg\YK)s_t_SbWdSnZ�\YQiWdÕ½ÕQN�LX��s�L%QJfnZ½�ALdc_WdQJhMf[\AKML�WdÕ]eA\AV�Z]S[GJKMfµWYV[L�QJLgL%hJLghvSU\¥h_LgXgVnLBWYfnLHSUGJL�f�Z�^%L
\YÓmS[GJL�hiW»SbWYfnL%SYR¾~	Z�QJWdÕ]ÕWNAcySUGJL%V[LÃL
�®Z�f�SUf¥QJ\�L #)X%Z]LgQTS�WdÕ]eA\AVnZ½SUG_K)frÓÁ\AV¯X%\AKMsJt_S[Z]QJe¿S[GJL�S[V[tJLÃh�Z�f�SbWYQJX%L
\YÓxWÆsy\YZ]QTSÃSU\EW!SUVnZ�WYQJeYt_ÕºW»SULgh KML%f[G Z�GJLgVnLBWYfvX%\AKMsJt_SnZ�QJeÈS[GJL�h_Z]fnSUWYQJX%L�\YÓxWÈhiWdSUWÆsy\YZ�QTS�SU\ÈSUG_L
QJ\AVnK)WdÕ&Õ]Z]QJLzXBWdQ^ÔyL¥hJ\AQJL�Z�Z½SUG!L$#)X%Z]LgQ_XPN�R

� L)sJVn\As�\Yf[L2WYQ L
��sJV[L%f[fnZ]\AQ \dÓ�SUG_L2L
��S[LgVnQiWdÕµÓÁ\AV[X%L)S[GiWdS�hJLgWdÕ�f Z�Z½SUG fnsiWYVnf[L2WYf�Z�L,Õ]Õ�WYfzhJLgQ_f[L
hiWdSUWYf[L,SUf�WYQJhES[GiWdSzXBWdQ9SUW\TYLvZ]QTSU\!WYXgX%\AtJQTSz\At_SnÕ]Z]LgVnf]R � LvhJLgfnXgV�Z�ÔyL)S[GJLvXg\YK)s_t_SbWdSnZ�\YQ \YÓ ���� � ÓÁ\AVVUWdQJeAL¥hiWdSUW2WdQJh��A\YÕ]tJKML%S[VnZ]X�Z]K)WYeALgfPR
� 		�0	�
 y�z � Í � p � 1 s�Ñ �»� Í � Ñ  { �������br ÑIp � p � � p�okÍ  �_���
FHGJLrXg\AKMsJt_SUWdS[Z]\AQ2\YÓ�SUG_LrL
��S[LgVnQiWdÕ7ÓÁ\YV[XgL�Z]f�hJL%s�L%QJhJL%Q4SH\AQ2S[GJL¯QJ\dS[Z]\AQ¿\YÓ7X%Õ]\Af[L%fnS�sy\YZ]QTSYRm~i\AVµL%�YLgV�N
�AL%VnS[LX� � � \YÓ¯SUGJLÈKML%f[G�c9Z�LÈf[LgWYV[XbG ÓÁ\AV)SUGJL^X%Õ]\Af[L%fnS�hJWdSbW sy\YZ]QTS ( 3�� ����� WYQ_h SUGJL^ÓÁ\AV[X%L^Z]f2SUG_LgQ
Xg\YK)s_t_SUL%hÈWYf�l
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�� � ��� 	���� ( 3�� ����� 	� VnL%Ó � � � � ( 3�� �����,+ � � � � � _n}��:c
Z�GJL%V[L�� � Z]fmW�Z�L%Z]eAGTSmsiWYV[WYKML%S[LgVgc�� � Z]f�SUG_LHQJ\AVnK2W»Õ��YLgX%S[\AVm\YÓiS[GJLHKMLgfnGMWdS � � c � ��" ��Z]f�S[GJLHfnSnZQv�QJL%f[fÓÁtJQJX,S[Z]\AQ _<f[L%LhLJeAtJV[Lv}B�:cHWYQJh���Z�fxWMV[L%ÓÁL%V[L%QJXgL�h_Z]fnSbWdQJXgLUR

1

1

G(x)

x

~	Z]eAtJVnLv}��1lµFHGJL�fnSnZQv�QJLgfnfxÓÁt_QJX%SnZ�\AQ � ��" �XR
FHGJL�ÓÁ\AV[X%L ���� � Z�fMXg\YK)s_t_SUL%h WYfÃS[GJL�sJV[\YopL%X%SnZ�\AQ \YÓxSUGJL��YLgX%S[\AV ��� ( 3�� ����� WdÕ]\AQJeES[GJL�QJ\AV[K)WdÕh_Z]V[L%X%S[Z]\AQiR FHGJLÈh�Z�f�SbWYQJX%L�� Z]f2S[GJLÆK)Wt�®Z]K�tJK h_Z]fnSUWYQJXgLÆ\YÓzWdSnSUVUWdX%S[Z]\AQ \dÓzW hiW»SbW sy\YZ]QTSYR FHGJL

fnSnZQv�QJL%f[f¾ÓÁtJQJX,S[Z]\AQ���� " �rLgQ_f[tJVnLgf¾SUGJWdS¾SUG_L�ÓÁ\AV[X%L�hJL%XgVnLBWYfnLgfzf[GiWdV[s_ÕWNmZ�GJL%QESUGJLÃh�Z�f�SbWYQJX%LvÔ�L,S[Z�L%LgQ
( 3�� ����� WYQJh ��� Z]fxeYV[LBW»SULgV�S[GiWYQ	�mRP¢S¯Z]f¯Z]QJhJLgL%hÈ�AL%V(N!Z�KMsy\AVnSUWYQTS¯SU\¿Xg\AQTSUVn\YÕ$SUGJLÃV[WYQJeAL�\YÓ"WdSnSUV[WYX%SnZ�\AQÆ\YÓmhiWdSUW¿sy\YZ�QTS[frZ]QÈ\AV[h_LgVrS[\
Õ½Z�KvZ½S�SUG_LrZ]Q1`itJL%QJXgL¾\dÓ&\At_SnÕ]Z]LgVnf]RµFHG_Z]fHh_Z]fnSUWYQJXgL
�{Z]f�Xg\YK)s_t_SUL%h�V[L%Õ�WdSnZ]�YLrSU\�SUGJLr\��ALgV[WdÕ½Õ�fnZQ^gL¯\YÓ�SUG_L
hiWdSUWYf[L,SBckZ�R L\R�SUG_L�V[WYh_Z]tJf¯\YÓ�SUGJL�f[sJGJL%V[LÃfntJV[Vn\AtJQJh�Z�QJe2SUGJL�hiWdSUWYf[L,SYRrÖ¯tJVnZ]QJe¿S[GJL LiV[f�S¾fnSUWYeAL�\YÓ¸SUG_L
hJL,ÓÁ\AV[K)WdSnZ�\AQ7ciZ�Lvs_Z]X�TEW�VnL%Õ�WdS[Z½�AL,ÕQNÈÕ�WYVneALÃ�dWdÕ�t_LÃ\YÓ�� V[L%Ó _>tJsESU\��2!� \YÓµSUG_LvVUWYh_Z]tJf crZ�Q9\AVnhJLgV¯S[\
WdÕ½Õ�\VZ³Õ�WYV[eAL�hJL%ÓÁ\AVnK)WdS[Z]\AQJf¥\YÓmS[GJLÃKMLgfnGiRhfrÓ´SUL%V¯ÓÁLPZ©Z½SULgV[WdS[Z]\AQJf%c7SUG_LÃ�YW»Õ�tJL�\YÓ�� Z�f¥h_LgXgVnLBWYfnLgh?_�W»S
KM\AfnS �� \YÓ	SUGJL�VUWYh�Z�tJf c�Z]QÆ\YV[hJL%VxS[\2Õ½Z�KvZ½SrS[GJL�LXv7L%X%S¯\YÓ¸\At�S[Õ½Z�L%V[f¾WdQJh^S[\2fns�L%Lgh�`¢tJsÆSUG_L�fnLBWYVnXbGÈ\YÓ
SUG_L�X,Õ�\Yf[Lgf�S¯sy\YZ]QTSYR

FHGJL�Xg\YK)s_t_SbWdSnZ�\YQ \YÓL( 3�� ����� hJLgsyLgQ_hJfM\AQ SUG_L�QiWdS[tJV[L�\dÓxS[GJL�hiW»SbWYfnL%SMWYQ_h XBWYQ ÔyL�WYXbG_Z]L%�YLgh
Z�Z½SUG�ÓÁ\AtJV�WdÕ]eA\AV�Z]S[GJKMfhl
R � Ñ��gÍ �Y�br ÑIp 0ÊÍ �b� Ñ Ò S¾QzhJL%QJf[LµVUWdQJeAL¸Z]K2WdeALgf&L
��S[VUWYX,SUL%h�ÓÁVn\AK S[VnZ�WYQJeAt_Õ�WdSnZ�\AQ¥s_VnZ]QJX%Z]s_Õ]Lgf 
 w�� ��}��

\AVvf�SUL%V[Lg\��4Z]fnZ]\AQ 
 Ö¾~¸�A����cµSUGJL�fnLBWYVnXbG \YÓxSUG_L!X,Õ�\Yf[Lgf�S¿sy\YZ]QTSvZ�fvSUG_Lg\AVnL%S[Z]XBW»Õ]ÕWN \YÓrXg\AKMs_Õ]LX�®Z½S[N
��� � ! ��ÓÁ\AVxWYQ ��� � Z]K2WdeAL\R �x\VZ�L,�ALgV%c Z�GJL%QÆSUG_L�XgWdÕ]Z]ÔJV[WdS[Z]\AQ!K2W»SUVnZ���Z]f�T4QJ\VZ�Q�c=Z�L�sJV[\d`
sy\Af[L�WYQ KML%S[GJ\�h Z]Q � � � �,c	SUGiWdSÃWYsJsJVn\Y��Z]K)WdSUL%fÃSUGJL¿f[LBWdV[XbG \YÓ�X%Õ]\AfnLgfnSMsy\YZ]QTSYREPRQJhJL%Lgh�cxZ�L
VnLgfnS[VnZ]X%SMSUG_L�f[LBWdV[XbG WdÕ�\YQJe WES[Z�\d`¢h_Z�KML%QJfnZ]\AQiWdÕ�fnLgeAKML%Q4S)Z]Q S[GJL�Z�K)WYeYLYcµsJV[\dopLgX%SnZ�\YQ \YÓxSUG_L
S[VnZ]h_Z�KML%QJfnZ]\AQiWdÕ&Õ½Z]QJLzsiWYf[f�Z�Q_e)S[GJV[\At_eAG ��� WYQ_h^h_Z]V[L%X%S[Lgh^WdÕ�\YQJe � � _>f[LgL�LieYtJV[Lv}C�\cXRµFHG_Z]f�f[Lge»`KMLgQTSrZ�fxXgL%Q4S[LgVnLgh9WYVn\AtJQJh!SUGJL�sJV[\dopLgX%SnZ�\YQÆ\YÓ � � WdQJh^Z]fr\YQ_ÕQN!WMÓÁLPZÊs�ZW��L%Õ]f¯Õ]\AQJeJckhJL%s�L%QJh_Z]QJe
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\AQES[GJLv�YW»Õ�tJLM\YÓ�� V[L,Ó R S¾QJX%LvSUGJLMX%Õ]\AfnLgfnS�sy\YZ]Q4S�WdÕ]\AQJe�S[GJLvf[L%eAKMLgQTS�GJWYfzÔ�L%LgQ9ÓÁ\AtJQJh�c/Z�LfnLBWYVnXbG^ÓÁ\AVHS[GJLzX%Õ]\Af[L%fnSrs�\YZ]QTS�Z�Q^W � � � Z�Z]QJhJ\VZ³WdV[\AtJQ_h�S[GiWdSxsy\YZ�QTS]R
R � Ñ��gÍ �Y�br ÑIp 0ÊÍ �b� Ñ Ò � p Ò�� Ñ �  ��1 � �tr Íqp ���_�br ÑIp � L¯XBWdQ¿ÓÁtJVnS[GJLgV�V[L%fnSUV�Z�X,S�S[GJL¯XbGJ\dZ�X%L¾\YÓ&SUG_L

X,Õ�\AfnLgf�S�sy\YZ]Q4S"Ô:NvX%\AQJfnZ]hJL%VnZ]QJe�S[GJL�QJ\AV[K)WdÕk\YVnZ]LgQTSbWdSnZ�\YQ2\YÓySUG_LxV[WYQJeAL�hiW»SbW¾Z�Q2WYhJh�Z]SnZ�\AQMSU\zSUG_L
qmtJX,Õ]Z]hJLBWdQ h_Z]fnSUWYQJXgLUR�� LvSUGJL%Q XbGJL%X�T9Z½Ó�S[GJLMhJ\YS�sJVn\�hJt_X%S�Ô�L,S[Z�L%LgQ S[GJLMQJ\AVnK2W»Õ � � WdSzSUG_LKMLgfnGÈWYQ_h�S[GJLzQJ\AVnK2W»Õ$WdS�SUGJLzV[WYQJeAL¾Z]K)WYeALgf�Z]fxf�SUV�Z�X,S[ÕWN�s�\YfnZ½S[Z½�AL\R

Projection of the normal line

Projection of  P
i

P
i

n
i

~	Z]eAtJVnLv}C�Fl3w�LgWYV[XbG^\YÓ$SUGJLzX%Õ]\AfnLgfnSrsy\YZ�QTSx\AQ!WvVUWYQ_eAL¥Z�K)WYeAL

Ì  Ï ��� Í4Í � GJLgQ!QJ\MXBW»Õ]Z]ÔJVUW»S[Z]\AQ�K2W»SUVnZ���Z]f�WB�YW»Z]Õ�WYÔ_Õ]LYcHZ�LzXg\AKMsJt_S[L¥SUGJLzX%Õ]\AfnLgfnSxsy\YZ]Q4S9Z�Z½SUG^W9J � �
&G 3 3 
 lKw��"!�� RmFHG_Z]f�hiWdSUW¥fnSUVntJX%S[tJV[LreYZ½�ALgfµSUG_LrX,Õ�\AfnLgf�SHsy\YZ�QTSµZ]QJfnZ]hJLrW�fnsJGJLgVnL¯X%LgQTSUL%V[Lgh�WYV[\At_QJh
� � WYQ_h \YÓ�V[WYh_Z]tJf � V[L,Ó c¸W»SÃQJLgWYVnÕWN Xg\AQJf�SbWYQTS�S[Z]K)LUR ��LgXBWdtJf[L�\dÓ�KMLgKM\AV(N Õ½Z�KvZ½SbWdSnZ�\AQ7c	Z½S�Z]fQJ\dS¾\YÓ´S[LgQEsy\Af[f�Z�Ô_Õ]LÃSU\�f�SU\AVnLvWdÕ½Õ�hJWdSbW�sy\YZ]Q4S[f¯Z]QJfnZ]hJLÃSUG_L T4h�`¢S[V[LgLURzPRQÈSUGJL!LJV[fnS¾fnSbWdeALÃ\YÓµSUG_L
hJL,ÓÁ\AV[K)WdSnZ�\YQ Z�G_LgV[L � V[L,Ó Z]f�V[L,ÕºW»S[Z½�AL%ÕWN�Õ�WYV[eALdc1Z�L�t_f[tiWdÕ½ÕWN�f[tJÔJf[WYKMs_Õ]L�S[GJLaZ�GJ\YÕ]LzhiWdSbWdf[L%S�Z]Q\AVnhJLgV�S[\2eAtJWYVUWYQTS[N!WÃÓ>WYf�SrX%\AKMsJt_SUWdS[Z]\AQÆ\dÓ ���� � R�Ö¯t_VnZ]QJe2S[GJL�fnLgX%\AQJhÆf�SbWYeYLYc�Z�L�h_Z]f[XgWYV[hÆWdÕ]ÕhiW»SbW�sy\YZ]Q4S[f�SUGJWdS�WYVnL¯Ó>WYV�WYZHWYN¿ÓÁVn\AK SUGJL¯K)L%f[G�cJWYQJh�fnS[\AV[L¾WdÕ]Õ�V[L%K)WdZ�Q�Z�QJevsy\YZ]QTSUf�Z]Q�SUGJL�T®h®`
S[V[LgLURmFHGJL�fnZQ^gL�\YÓySUG_LDT4h�`�SUVnLgL�K)WVNÃfnS[Z½Õ½ÕiÔ�L�Õ�WYV[eYLYcTÔJt_Sµf�Z�Q_XgL�SUGJLH�dWdÕ]tJL � V[L%Ó Z]fµf[tJÔJf�SbWYQTSnZºWdÕ½ÕWNÕ]\VZ�L%VgciSUGJLzX%\AKMsJt_SbW»S[Z]\AQ�S[Z]K)LzZ]fxf�S[Z½Õ]Õ�KM\®hJLgV[WdSULUR

Ì  Ï ��� Í4Í � p Ò�� Ñ �  ��1 � �tr Íqp �����br ÑIp frfÃÓÁ\AVÃf�SUV[t_X%SUt_V[Lgh V[WYQJeAL�hiW»SbW_cMZ�GJL%Q QJ\AV[K)WdÕ��AL%X%SU\YV[f
WYVnLzWB�YW»Z]Õ�WYÔ_Õ]L¥ÓÁ\AV�LBWYXbG^hiWdSUWMsy\YZ]QTSBc1Z�L�t_f[L�W)f�ZW��h_Z�KML%QJfnZ]\AQiWdÕ�T4h�`�SUV[L%LzXg\AK�Ô_Z�Q�Z�QJe2s�\YfnZ½S[Z]\AQ
WYQ_h!\YVnZ]LgQTSbWdSnZ�\YQ!Z]Q_ÓÁ\AVnK2W»S[Z]\AQ�cifnZ]KvZ]Õ�WYV�ÕQN�S[\¿~iL,Õ�hJK)WYV 
 ~Ff¯� � � R

� 		�0	 � y�z � Í � p � 1 s�Ñ �»� Í � Ñ  { �������br ÑIp � p���Ñ 1 �� Í ���tr<���, � okÍ �
S¾Q�A\YÕ]tJKML%S[VnZ]X9Z]K)WYeAL%fgcrS[GJLÈSbWdfkT \dÓ�VnLgX%\AQJfnS[V[tJX,S[Z]\AQ tJf[tiW»Õ]ÕWNXg\YQJfnZ]fnS[f!Z]QZ�fn\YÕºW»S[Z]QJe V[L%eYZ�\YQJf�\YÓ
Xg\YQJfnZ]fnS[LgQTSzZ�QTSUL%QJfnZ½S[NE�dWdÕ]tJLgfPR�FHGJL%V[L,ÓÁ\AV[Ldc$eYVUWYh_Z]LgQTS¥Z]QTSULgQ_fnZ½S[NÈZ�f¾S[GJLvK)WdZ]QÈZ�Q_ÓÁ\YV[K)WdS[Z]\AQE\AQ Z�G�Z�XbG
Z]f�ÔiWYf[L%h�SUGJL¥L
��S[LgVnQiWdÕ�ÓÁ\AVnXgLURxf¯fHZ]Q 
�e9egf¾� ���&WYQ_h 
 Ø^X%Pp�AN��<c1Z�L¥X%\AK�Ô�Z�QJLzÔy\YSUG�eYVUWYh_Z]LgQTS�Z]QTSULgQ_fnZ½S[N
WYQJh!Lgh_eAL¥Z�Q_ÓÁ\YV[K)WdS[Z]\AQ�ÓÁ\AVHS[GJLzXg\AKMsJt_SUWdS[Z]\AQ!\YÓ ���� � l
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FHGJL�eAV[WYh_Z]LgQTS¸Z]QTSULgQ_fnZ½S[NÃZ�f�tJf[L%hMÓÁ\YV	Õ]\�XgWdÕJhJLX`iLgX,S[Z]\AQM\YÓiSUG_LHKMLgf[GvS[\bZ�WYVnhJf¸SUGJL��A\Y��L%Õ]f"\dÓkK2Wb��Z]K�t_K
�dWYVnZ�WdSnZ�\AQÆ\YÓ¸Z]Q4S[LgQJf�Z]S[N\R�FHGJLÃLgh_eAL�Z]Q_ÓÁ\AV[K)WdSnZ�\YQ�c�\YQÆSUGJL�\YSUGJL%V¯GiWdQJh�c7X%\AV[VnLgfns�\AQ_hJf¾SU\�K)Wt�®Z]K)W¿\YÓ
eAV[WYh_Z]LgQTS2WYQJh LgQTSbW»Z]Õ]f)Õ�WYVneALgVvhJL,ÓÁ\AV[K)WdSnZ�\YQJfM\YÓ�SUGJL�KMLgfnGiR FHGJL�LghJeAL�Z]K)WYeAL�Z�f)WEÔ_Z]QiWYV�N Z�K)WYeYL
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sJVn\C�4Z]h_Z]QJeEW�Ô�L,S[SUL%V�eAL%\AKML%S[VnZ]X2VnLgsJVnLgf[L%QTSbWdSnZ�\AQ \dÓ�SUG_L2\AÔ�opLgX%S]R�PRQ \AVnhJLgVzSU\!Xg\AQTS[V[\YÕµZ½SUf�h�Z�f�SbWYQJX%L
SU\ S[GJL9hiWdSbW�crSUG_LEK)L%f[G K2WYNÔyL9V[LXLiQJLgh \AV�WYhJWYs_SUL%hiR�w�LPLiQJL%KMLgQTSEWYQ_h WdhiWYs_SUWdS[Z]\AQ WYV[LÈS[Z�\
Xg\YK)s�Õ�L%K)L%QTSbWYV�N�SUWYfkT4f	S[GiWdS	Xg\AQ_fnZ]fnS¸VnLgfns�L%X%S[Z½�AL,ÕQN�Z�Q�WYhJh_Z]QJex�ALgV�S[Z]XgL%fmWYQJh�K)\��4Z]QJe¯�AL%VnSnZ�X%Lgf�S[\bZ�WYVnhJf
siWYV�SUfz\YÓ�G_Z]eAG9XgtJV��YW»SUtJVnL\R���\YS[G SUWYfkT4fzLgQJfntJV[LMSUGJWdSzSUGJL LiQJWdÕµKMLgf[G Z�Z]Õ½ÕµÔyL2W»S�W�edZ]�YLgQ h�Z�f�SbWYQJX%L
ÓÁV[\YK�SUG_L�hJWdSbW Z�G_Z½Õ�L�GiWB�4Z�Q_e2eA\®\®h!eYLg\AKML%S[VnZ]X�WYQJh�SU\Asy\YÕ]\AeYZ]XBWdÕ7sJV[\AsyLgV�S[Z]LgfPR

S¾Q_ÕQN2SUGJL¯VnZ]eYZ�h�Z]S[N2siWYV[WYKML%SUL%V � � WdQJh�SUGJL¯LX�®SUL%V[QiWdÕ7ÓÁ\AV[X%L¾siWYV[WYKML%SUL%V � � WYVnL¾KM\�h�ZQLiL%h�Ô�L,S[Z�L%LgQSUG_L�LiVnfnSzWYQ_hÈf[L%Xg\AQJhEf�SbWYeYL\R¾ÖrtJVnZ]QJe¿S[GJL�LiVnfnS¥f�SbWYeYLYc Z�LÃfnL%S � � SU\¿G_Z�eYGÆ�dWdÕ�t_Lgf�_ � ��� � ��crWYQJh � �SU\vÕ]\VZ �dWdÕ]tJLgf�_ � ��� ��� ��c�Z]Q^\AVnhJLgVHS[\MGiWB�AL�f[KM\�\dSUG^WYQJh�ÕºWYVneAL¥f[XgWdÕ]LhJL%ÓÁ\YV[K)WdS[Z]\AQJf¯\YÓmSUGJL�K)L%f[GiR�S¾QÈSUG_LÃXg\AQTS[VUWYV�NAc�hJt_VnZ]QJe¿SUG_LÃf[L%Xg\AQJh9f�SbWYeALdcBZ�LÃtJf[LÃÕ]\VZ³�YW»Õ�tJL%f
\YÓ � � _�� ��� �Vc�WdQJhÆG_Z]eAG��dWdÕ�t_Lgf¯\dÓ � � _�� ��� ��� � cHfnZ]QJXgLhZ�L Z�WYQTSrS[\2X%\AQTSUV[\dÕ$S[GJL�h_Z�f�SbWYQ_XgL�\dÓ�SUG_LKMLgfnG^SU\vS[GJLzhiWdSbWFR

�D&�� ��,�J�<HJ�032(J �B0M<1J�AK,
S¾QJL¾\YÓ&S[GJL¾K)WdZ]Q�sJVn\AÔ_Õ]LgK{\YÓ�V[L%Xg\AQJf�SUVntJX%SnZ�\AQ�f�N�f�SUL%K)f�ÔiWdf[Lgh�\YQ�hJL%ÓÁ\AVnK)WYÔ_Õ]L¾KM\�hJL,Õ�f%c�Z]f�SUGJWdSHSUG_L
V[L%Xg\��AL%V[L%h fnGiWYsyLgfrhJLgsyLgQJhE\YQ^SUG_L�Z]Q_Z]SnZºW»Õ�sy\AfnZ½S[Z]\AQ^\YÓ¸SUG_L�KMLgfnGiRrPRQÆeALgQJL%VUWdÕ<c�S[GJ\AfnL�KM\�h_L%Õ]f¯QJL%Lgh
SU\�ÔyLÃZ]Q_Z]SnZºW»Õ]ZQ^gL%h X,Õ�\AfnLghESU\�S[GJLÃhiWdSUW1R � G_LgQ9KM\�hJL,Õ]Z]QJe�Xg\YK)s�Õ�L
�9f[GiWds�L%fgc�K)WYQ4tiWdÕ¸Z]Q_Z½S[Z�WdÕ]ZQ^BW»S[Z]\AQ
K)WYN�QJ\YS�eYZ½�ALzsJVn\AsyLgV�V[L%f[t_Õ½SUf%ckhJLgfns_Z]S[L¥SUGJL�WYÔ_Z½Õ½Z]S[N�S[\)WYhiWYs_S�S[GJL¥KMLgfnG^SU\Ys�\YÕ]\Ae\N)SU\vS[GJL¥SU\Asy\YÕ]\Ae\N
\YÓ$SUGJLzhiW»SbWYfnL%SYR

� L¥s_V[\Asy\Af[L¾WYQ�Z�Q�Z]SnZºWdÕ½ZQ^BWdSnZ�\AQ�W»Õ�eA\YVnZ½SUGJK�SUGiW»S�XBWYQ�\YQ_ÕQN2GiWYQ_h_Õ�LzW�Õ½Z]KMZ½SUL%h�Q4tJK�ÔyLgV�\YÓ&S[\As�\dÕ�\d`
eYZ]Lgf _>S[GJV[L%LvÓÁ\AV¯SUG_L)X%tJV[VnLgQTSzZ�KMs_Õ]LgKML%Q4SUWdS[Z]\AQ=c¥ÔJt_S¥S[GiWdSzsyLgV�ÓÁ\AV[KMf�Z�L,Õ]ÕµL,�AL%Q Z]Q S[GJLvsJV[L%f[L%QJXgL)\YÓ
KvZ�fnfnZ]QJeÈhiW»SbW1R)PRQ_Z½S[Z�WdÕµKM\�hJL,Õ�f�XBWdQ ÔyL)X%V[LgWdSUL%h ÓÁV[\YK Ô�\dSUG VUWYQJeYL¿WYQ_h �Y\YÕ�t_K)L,SUV�Z�X)Z�K)WYeAL%f]R¿FHGJL
WdÕ]eA\AV�Z]S[GJK�Z]f�QJ\YSxf[L%QJfnZ½S[Z½�AL�SU\MQJ\YZ]f[LzÔJt_SxK)WYN�Ô�L¾Z]Q1`it_LgQJX%LghÈÔ:N�\At�S[Õ½Z�L%V[f]R
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Stage 1 

Create Holes

Change Genus

Stage 2

� è��

Deformation

Mesh
Initialisation

��� �

Or
Refinement

Adaptation

Deformation

Final Mesh
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~	Z]eAtJVnL�}��1lh_�W�c¯FHGJLveAL%QJLgV[WdÕ¸VnLgXg\YQJfnS[V[tJX,S[Z]\AQ9f[XbGJL%K)L �g_>Ô=c¯FHGJL LJV[fnS¾fnSbWdeALÃ\YÓ"hJL,ÓÁ\AV[K)WdSnZ�\AQ lrSUG_L
KMLgfnG�Z]f�ÔJVn\AtJeAGTSHÓÁVn\AK Z]S[fHZ�Q_Z½S[Z�WdÕ7f[GiWYsyL¯S[\MWÃV[\AtJeYG�WYsJsJVn\Y��Z]K)WdS[Z]\AQ�\YÓ&S[GJL¥hiWdSUW��i_>XVc�FHGJL¥fnLgX%\AQJh
fnSUWYeAL!\YÓ¯S[GJLÆh_L%ÓÁ\AVnK2W»S[Z]\AQ l!SUGJL!KMLgf[G Z�f)V[LXLiQJLgh \AV¿WdhiWYs_S[Lgh Z]Q \YV[hJL%V)S[\ XgVnLBWdS[LÆWdQ \As_SnZ�K)WdÕ
V[L%sJV[L%f[L%Q4SUWdS[Z]\AQ^\YÓ	S[GJLz\AÔ_opL%X%SYR

����� � 
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FHGJL�X%V[LBW»S[Z]\AQ \YÓ�WÆfnsJGJL%VnZ]XBWdÕ�K)L%f[G SbWUTYLgf�s_ÕºWdXgL¿Ô:N LiV[f�SvXg\YK)s_t_S[Z]QJeÈSUG_L¿XgL%QTSUV[\dZ�h � \YÓ�SUG_L
hiWdSUWYf[L,SBc�WYQ_h SUG_LgQ Ô:N?LiQJh_Z]QJe S[GJL^fnsJGJL%VnZ]XBWdÕ¯f[tJV�Ó>WYXgL^XgLgQTS[LgV[L%h \AQ � SUGJWdS¿L%QJX%Õ]\AfnLÆSUGJL Z�GJ\YÕ]L
hiWdSUWYf[L,SYR"F�\)h_\)fn\JcHZ�L�X%\AQJf�Z�hJL%VxWvS[Lgfnf[L%Õ½Õ�WdSUL%hÆtJQ_Z½Sxf[sJG_LgV[LzX%LgQTSUL%V[Lgh^\AQ-�)ckWdQJh Z�LzsJVn\YopLgX,SrLgWYXbG
hiWdSUW)sy\YZ]QTS¯\AV��A\Y��L%Õ]f¾\AQTS[\2SUGJWdSxf[sJGJL%V[LUR � L�fnSU\YV[L�\AQÆLgWYXbGÈf[t_VnÓ>WYX%L�L,Õ�L%K)L%QTS¥\AQ^S[GJL�f[sJGJL%V[Ldc�SUG_L
K)Wt�®Z�K�tJK h�Z�f�SbWYQJX%L¾\YÓ�sJVn\YopLgX,SUL%h!sy\YZ]QTSUf�ÓÁVn\AK SUGJLrXgLgQTS[LgV]R�� GJL%Q�QJ\vsy\YZ�QTS[f�sJVn\YopLgX,S�\AQ�W�fnsJGJLgVnL
L%Õ]LgKML%Q4Sgc1Z�L¯tJfnLrSUG_LrKMLBWdQ2�dWdÕ]tJL¯\YÓ�SUGJLrVUWYh�Z�tJfµZ]QJfnS[LBWYhiR"FHGJL��dWYVnZ�WYQJX%L¯\YÓ�SUGJLrVUWYh�Z�tJf"\AQ)SUGJLrtJQ_Z½S
f[s_GJLgVnL�hJL,SUL%V[KvZ�Q_LgfrS[GJLzQ4tJK�ÔyLgV�\YÓ$�AL%VnS[Z]XgL%f¯\YÓ$SUG_LzZ]Q_Z½S[Z�WdÕ�fnZ]KMs_Õ]LX�!KMLgfnGiR

~i\AV�XXN®Õ½Z]QJhJVnZ]XBW»ÕiKMLgf[G_Lgfgc:Z�L LiV[f�SmXg\YK)s_t_SUL�S[GJL�Wt�®Z]fm\YÓkKvZ�Q�Z�K�tJK×Z]QJLgV�S[Z�W1R � L�S[GJLgQvh_Z½�4Z�h_LHSUG_Z]f
Wt�®Z]fµZ]QTSU\ ��f[L%eAKMLgQTSUfPRµ~	Z�QJWdÕ]ÕWNAc:Z�L�sJV[\YopL%X%S"LBWdXbG2hiW»SbW¥s�\dZ�QTSµ\AQ)W¥f[L%eAKMLgQTS�WYQJhMSUGJL%Q)X%\AKMsJt_S[LxÓÁ\AV
LBWdXbG�fnLgeAKMLgQTS$SUGJLµX%LgQTSUVn\YZ�h�WYQJh¥SUG_LµÕ�WYVneALgf�S	h�Z�f�SbWYQJX%L"WdÕ�\YQJe�VUWYh_Z�WdÕ4h_Z]V[L%X%SnZ�\AQ_f$\dÓJWdÕ½Õ4sJVn\YopLgX,SULgh�hiWdSUW
sy\YZ�QTS[f]R � L�SUGJL%QmLJS¯W2f�Z�KMs_Õ]LX�ÈK)L%f[GÈ\dÓmXPN4Õ½Z�QJh_VnZ]XBWdÕ	SU\Asy\YÕ]\Ae\N�\AQTSU\)SUG_Z]f¯eYLgQJL%VUWdÕ½Z�^%LghÈXXN4Õ]Z]QJhJV�Z�XgWdÕ
f[t_VnÓ>WYX%L\RrFHGJL�KMLgfnGEGiWYQJh�Õ�L%f¯Z�Q_Xg\AKMs_Õ]L%S[L�hiWdSUW2ÔyLgXgWYtJf[L�Z]SrZ�QTSUL%V[sy\YÕ�WdSUL%frSUG_L�siWYV�SUf Z�GJLgQEQ_\¿hiWdSUW
Z]frWB�dWdZ½ÕºWdÔ_Õ�LUR"FHGJL¥�YWdVnZ�WYQJXgLz\YÓ	VUWdh_Z�t_frhJL,SUL%V[KvZ�Q_Lgf�SUGJLzQ4tJK�ÔyLgVx\YÓ$�AL%VnS[Z]XgL%f¯\YÓ$SUG_LzZ]Q_Z½S[Z�WdÕ�KMLgfnGiR

FHGJL�Z]Q_Z½S[Z�WdÕ½Z�^gWdS[Z]\AQÈ\YÓ�s_Õ�WYQiWYVxKMLgf[G_Lgf¾Z]frf�Z�KvZ½ÕºWYVxSU\)SUGJL�XPN4Õ½Z�QJh_VnZ]XBWdÕ�XBWYfnL\R�PRQJfnS[LBWYhÆ\YÓ¸SUG_L�Wt�®Z]f
\YÓµKvZ]Q_Z�K�tJK�Z]QJL%VnS[Z�W_cIZ�LvhJLXLiQJL�S[GJLÃs_Õ�WYQJL�\YÓµK)Wt�®Z�K�tJK�Z]QJLgV�S[Z�W_c�siWdf[fnZ]QJe�S[GJV[\At_eAGÆSUG_LÃXgL%Q4S[V[\YZ]h
�³WYQJh2h_Z�VnLgX,SULgh¿ÔENvS[GJLxh_Z�VnLgX,S[Z]\AQ�\YÓ7K2Wb��Z]K�t_K{Z]QJLgV�S[Z�W1R � Lrs_V[\YopL%X%SHhJWdSbWzs�\dZ�QTSUf�\AQTSU\zSUGJLxs_Õ�WYQJLdc
WYQJhEX%\AKMsJt_S[L�ÓÁ\AV¯LgWYXbGEs_Õ�WYQiWYV¯L%Õ]LgKMLgQTSUf%c�SUGJLÃW��YLgV[WYeALÃGJL,Z�eYG4S¯ÓÁV[\AK SUGJL�s_Õ�WYQJL\RzFHG_LÃ�YWdVnZ�WYQJXgL�\YÓ
GJL,Z�eAGTSxhJL,SULgVnKvZ�QJL%frS[GJLzQ®t_K�ÔyLgVx\YÓ	�YLgV�S[Z]XgLgfr\YÓ$SUGJL¥Z]Q_Z]SnZºW»Õ&KMLgf[GBR

qd�JWdK)s�Õ�L%f¯\YÓ	f[sJG_LgVnZ]XBW»Õ�ckXPN4Õ½Z�Q_hJVnZ]XBWdÕ	WYQ_h^s_Õ�WYQiWdV�K)L%f[GJL%frZ]f�eYZ]�YLgQ^WdS9LieAt_V[Lgf"�2!_c ��}�WYQJh � �FR

� è � ��� � � � �

~	Z]eAtJVnL �2!Fl�_�W:cxFHGJL�s_VnZ]QJX%Z]s_Õ]L�ÓÁ\AV�Z�Q_Z½S[Z�WdÕ½Z�^,Z�Q_e�W2fnsJGJLgV�Z�XgWdÕ¸KML%f[G lHLgWYXbGEhiWdSUW2sy\YZ�QTSrZ�frsJV[\YopL%X%S[Lgh
\AQ¿W�fnsJGJLgVnL2�B_<Ô=cµFHGJL¯fntJVnÓ>WdXgL�Z�Q2f[sJGJL%VnZ]XBWdÕ�Xg\®\AVnh_Z�QJWdSUL%f"S[GiWdS"LgQJX,Õ�\Yf[Lgf�SUGJLxVUWYQ_eALxZ]K)WYeAL�\YÓ�W¥ÓÁ\®\YS �
_<XYc�FHGJLzfnZ]K)s�Õ�L
�ÆKML%f[G LJSx\AQ�SUGJLzsJVnL%�4Z�\YtJfrfnsJGJL%VnZ]XBWdÕ$f[t_VnÓ>WYX%L2�
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Centroid of the
slice

Axis of minimum inertia

Spine 

of the cylinder
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~	Z]eAtJVnL ��}\l _�W�cµFHG_L¯Wt�®Z]f�\YÓ7KvZ�Q_Z]K)WdÕkZ�Q_LgVnSnZºW�c®S[GJLrfns_Z]QJL¾WYQ_h2SUG_Lrf�Õ]Z]XgL%fHtJf[L%h2ÓÁ\AVµSUG_LxZ]Q_Z½S[Z�WdÕ]ZQ^BW»S[Z]\AQ
\YÓkWrXPN4Õ]Z]QJhJV�Z�XgWdÕiKMLgfnG �=_<Ô�c	FHGJLHfntJVnÓ>WdXgL�Z]QÃXPN4Õ½Z�Q_hJVnZ]XBWdÕJXg\®\AV[h_Z]QiWdS[Lgf$SUGiWdS�LgQJX,Õ�\Yf[Lgf¸S[GJL�V[WYQJeAL"Z�K)WYeYL
\YÓ�WÃÓÁ\�\YS��/_<XYc�FHGJLzfnZ]K)s�Õ�L
�ÆKML%f[G LJSx\AQ�SUGJLzsJVnL%�4Z�\YtJfrXXN4Õ]Z]QJhJV�Z�XgWdÕ$f[tJV�Ó>WYXgL �
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Direction of

Maximum Inertia

Data Points

� è � ��� � ��� �

~	Z]eAtJVnL � �ql�_<W:cxFHG_L�Z]Q_Z]SnZºW»Õ]ZQ^BWdSnZ�\YQÆ\YÓ¸W2s_Õ�WYQiWYVxKMLgfnGÆZ�fxÔiWYfnLghÈ\YQ^SUG_L�sJVn\YopLgX,S[Z]\AQÈ\YÓ�hiWdSUW)sy\YZ]Q4S[f
\AQESUG_L2s_Õ�WYQJLM\YÓ�K)Wt�®Z�K�tJK Z]QJLgV�S[Z�W��g_>Ô=c¥FHGJL)f[tJV�Ó>WYXgLvZ]Q s_Õ�WYQiWdV¥Xg\®\AV[h_Z]QiWdS[Lgf¥SUGJWdS�W��YLgV[WYeALgfzSUG_L
VUWdQJeAL¾Z]K2WdeALz\YÓ¸WvÓ>WYX%L2�/_>XVc�FHGJL�fnZ]K)s�Õ�L
�!K)L%f[G LJS�\AQ�SUGJLzsJVnL%�4Z�\YtJfrs�ÕºWYQJWYV�f[tJV�Ó>WYXgL �

����� � 
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�D&�� " �D0K, �3J(, ��< �-*�� */C � <1A �hA32�A � �
frÓ´S[LgV&SUG_LµZ]Q_Z½S[Z�WdÕ½Z�^gWdS[Z]\AQ�\dÓJW�KMLgf[G7cdZ½S	K)WYNz\®XgXgt_V�S[GiWdS�SUG_L�KMLgfnG�hJ\®Lgf�QJ\dS	GJW��YL"S[GJL"fUWYKMLµSU\Asy\YÕ]\Ae\N
WYf¾S[GJLv\AÔ_opL%X%SYR�w®Z�Q_XgLvSU\Asy\YÕ]\Ae\N^\YÓµSUV�Z�h_Z]KMLgQJf�Z�\YQiWdÕµf[t_VnÓ>WYX%Lgf�WYV[LvXbGJWYVUWYX,SUL%VnZQ^gLgh Ô:NÆSUG_L%Z]V�Q4tJK�Ô�L%V
\YÓmG_\YÕ�L%f¾WYQ_h^SUG_L%Z]V¯eAL%Q®t_f¾Q4tJK�ÔyLgV%c Z�L�sJVn\As�\Yf[L�S[Z�\�WdÕ]eA\AV�Z]S[GJKMfxÓÁ\YVrXbGiWdQJeYZ]QJe¿SUG_\Af[L�SU\Asy\YÕ]\AeYZ]XBWdÕ
XbGiWYV[WYX%S[LgV�Z�f�S[Z]Xgf]R ��L%XBWYtJfnL2Z]Q_Z½S[Z�WdÕ"K)L%f[GJL%fvWYVnLYc	Z]Q eYLgQJL%VUWdÕ<c	S[\As�\dÕ�\AedZ�XgWdÕ]ÕWN9KM\AV[L)fnZ]KMs_Õ]L¿SUGiWdQ SUG_L
\AÔ_opL%X%S�S[\ V[L%Xg\��AL%Vgc Z�LÆ\AQ_ÕWN ÓÁ\®XgtJf2\AQ ÔJt�Z]Õ]h_Z]QJe KM\�hJL,Õ�f Z�Z]S[G WYhJh_Z½S[Z]\AQiWdÕrGJ\YÕ]Lgf�WYQJh Z]QJXgVnLBWYfnLgh
eAL%Q®t_f[LgfPR
� 		�0	�
 ��� Í �_�br p�o��ÆÑ 1 Í �
FHGJL�s_VnZ]QJX%Z]s_Õ]L�\YÓHS[G_Z�f�WdÕ]eA\AVnZ½SUG_K Z]f�S[\ÆX%V[LBW»SUL�GJ\dÕ�L%f�Z]Q SUGJL2KMLgf[G Z�G_LgV[L¿QJ\ÈhiWdSUW^sy\YZ]Q4S[fÃLX�®Z]fnS]R
� L¾SUG4tJf�Xg\AKMsJt�SUL¥ÓÁ\AVHLgWYXbG!�YLgV�SULX��cJZ½SUf�h_Z]fnSUWYQJX%L�ÓÁVn\AK{S[GJL¥X%Õ]\AfnLgfnSxhiW»SbWvs�\dZ�QTSUf�WdQJh Z�L¥Õ�WYÔ�L,Õ�SUG_L
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 � fntJÔJf�SbWYQTS[Z�WdÕ½ÕQN�Õ]\VZ�L%V¯SUGiWdQ !1R ! � R~	Z]QiWdÕ½ÕQN5Z�LzGiWB�ALUl
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FHGJL Z�L,Z�eYG4S'!1R � LgQiWYÔ�Õ�L%f�W¥f[KM\®\YSUG_LgVm�dWYVnZ�WdS[Z]\AQM\YÓ�SUGJL�KML%S[VnZ]XxsJWYVUWYKML,SULgVnf�\��YLgVµS[Z]K)LUR¸PRQ)sJVUWYX,S[Z]XgLdc
Z�LvXbGJ\�\Yf[LÃSU\¿tJs�hJWdSUL�S[GJLvKML%S[VnZ]XÃsiWYV[WYKML%SUL%V[f¥L,�ALgV�N � 
 � �¿Z½SULgV[WdS[Z]\AQÈZ]QE\AV[h_LgV¯S[\�fnSUWYÔ_Z½Õ]ZQ^gLvSUG_L
KMLgfnGÆÔyL%ÓÁ\AVnL¥V[L,`¢L%�dWdÕ]tiWdSnZ�QJeMSUG_L�KMLgWYQ^X%tJVn�dWdS[tJV[Lz\��AL%VxS[GJLzKMLgf[GBR

~	Z]eAtJV[L �Y� f[G_\bZ�f!SUGJL LPv�LgX,SÆ\dÓ�SUG_L KMLgfnGÊWYhiWds_SbWdSnZ�\YQ \AQ W V[\AtJQ_hJLgh XgtJÔyL\R FHG_L KML%S[VnZ]X
siWYV[WYKML%S[LgV[f¯WYV[L¥Z]Q_Z½S[Z�WdÕ]ÕWN!L]O4tiWdÕ$SU\ �

	
R fxÓ´SULgV�SUG_L�KMLgfnGEWYhiWds_SbWdSnZ�\YQ�ci�ALgV�S[Z]XgL%f¾Q_Z]XgL%ÕWN!Xg\AQ_XgLgQTS[VUWdS[Lgf

WdS�G_Z]eAG_ÕWN�X%tJVn�YLghÈsiWdVnSUf%cJSUGJL¥Õ]L%�YL%Õ$\YÓ	Xg\AQJX%LgQTSUV[WdS[Z]\AQ!Ô�L,Z�Q_e2X%\AQTSUV[\dÕ]Õ]Lgh^ÔEN¿SUGJL¥�dWdÕ]tJLz\YÓ 
 � R
� 	��2	 � �!� Í ��Í��Mp�Í  ÍFp �M� 1 okÑ �trÁ�V� 

Ø^L%f[G WdhiWYs_SUWdS[Z]\AQ \As_S[Z]K)WdÕ½ÕQN KM\��AL%f2�YLgVnSnZ�X%Lgf)SU\VZHWdV[h sJWYVnS[f)\dÓ¯G_Z]eAG XgtJV��dWdSUtJVnL\R �r\VZ�L,�AL%VgcHSUG_L
f[GJWYs�L^hJLgfnXgV�Z�s_SnZ�\YQ Z�f)Õ]Z]KvZ]S[Lgh Ô:N S[GJLÆQ4tJK�Ô�L%V¿\YÓ¾�YLgV�S[Z]XgLgf¿\YÓ¯S[GJL^Z]Q_Z½S[Z�WdÕxK)L%f[GiR�� L!S[GJLgVnL%ÓÁ\AVnL
Z]Q4S[V[\®hJtJX%L�WzKML,SUGJ\®hvÓÁ\AV¸V[LXLiQ_Z]QJe�W¾fnZ]KMs_Õ�L
�)KMLgf[GMZ]Qv\AV[hJL%V¸SU\¥X%\AQTSUV[\dÕJZ]S[fmh_Z]fnSbWdQJXgL�SU\¾S[GJL�\AV�Z�eYZ]QiWdÕ
hiWdSUW1R

� LrV[LXLiQJL¯Ó>WYX%LgfH\dÓ�W�KMLgfnG�WYXgX%\AV[h�Z�QJe�SU\ÃfnL%�AL%VUWdÕ7XgV�Z]S[LgVnZ�W�Z]QJX%Õ]tJh_Z]QJevX%tJVn�dWdS[tJV[Ldc_h_Z]fnSUWYQJXgLrÓÁV[\AK
WvhiWdSUWYf[L,SBckWYVnLBW)WYQJh�Ó>WYXgLzL,Õ�\AQ_eTWdS[Z]\AQiRµFHG_L�tJfnLgV�K)WYN�Xg\AK�Ô_Z]QJLghÈfnL%�YLgVUW»Õ	X%VnZ½SUL%VnZ�WMZ½Ó�h_LgfnZ]V[L%hiR

~i\AV�LgWYXbGvÓ>WYXgLdc�Z�L�X%\AKMsJt_SUL�W¾VnLPLiQ_LgKMLgQTS"KMLBWYfntJV[LHS[GiWdSmhJL%f[X%VnZ]Ô�L%f'Z�G_L%SUG_LgV¸SUG_LHÓ>WYXgL�Z]fmW¾eA\®\®h
XBWdQJh_Z]hiWdSUL¥ÓÁ\AV�VnLPLiQ_LgKMLgQTSYR�FHG_Z]fxVnLPLiQ_LgKMLgQTS¾KMLgWYf[tJVnL�Z]f�XgL%Q4S[LgVnLghÈWdV[\AtJQ_h }�R !1R

FHGJL¥V[LXLiQJL%K)L%QTS¯W»Õ�eA\YVnZ½SUGJK�SbW\TdLgf�s_Õ�WYX%L¯Z�Q!WYQ2Z]S[LgVUW»S[Z½�ALzK)WYQJQJL%V�_<fnLgLaLieAt_V[L �A� _<W:ckc
R � L�LiV[f�S
Õ]\�\�T2ÓÁ\AV�SUGJLzÓ>WYXgL�GiWB�4Z�Q_e2SUG_L�K)Wt�®Z]K�tJK V[LXLiQJL%K)L%QTS¥KMLBWYfntJV[LURHP¢Ó¸SUG_L�KMLBWdf[tJVnL�Z]f¯WdÔ�\��AL�W)edZ]�YLgQ
V[LXLiQJL%K)L%QTS�S[GJV[L%f[GJ\YÕ]h�cEZ�LxV[LXLiQJL�SUG_L�Ó>WdXgL�Ô:NvXgVnLBWdSnZ�QJe�W¥QJLPZ LghJeAL9Z�Z½SUGMSUGJL�S[\As�\dÕ�\AedZ�XgWdÕi\AsyLgV[WdSU\AV
� !
!
R^FHGJL¿KMLgfnG Z�f�SUGJL%Q Õ]\�XgWdÕ]ÕWN f[KM\®\YSUGJL%h WYVn\AtJQJh S[GJL¿Q_LPZ�ÕWN X%V[LBW»SULgh LghJeALURÆPRQ \AV[hJL%V�S[\mTYL%Lgs

SUG_L�Q4tJK�Ô�L%V¯\YÓ$�AL%VnS[Z]XgL%f¾syLgV�Ó>WYXgLztJQ_Z½ÓÁ\AVnK \AQ!S[GJL�K)L%f[G�c=Z�L�Z½SUL%VUWdSnZ]�YL%ÕWN^f�ZHWdsÈLghJeYLgfrWYhYo�WYX%LgQTSrS[\
Õ�WYV[eAL�Ó>WYXgL%f]RµqµWYXbGvS[Z]KML�WYQMLghJeALHZ]fmf(Z�WYsJsyLgh7c4S[GJL�KMLgfnG)Z]f¸Õ�\®XBW»Õ]ÕWNÃfnK)\®\YS[GJLgh)WYVn\AtJQJhÃS[GJL�f(Z�WYsJsyLgh
Lgh_eAL¥WYf3Z�L,Õ]Õ R"~	Z�QJWdÕ]ÕWNAcqZ�L¥VnLgX%\AKMsJt_SULrSUGJL¾VnLPLiQ_LgKMLgQTS�KMLBWYfntJV[L¾ÓÁ\YVHWdÕ½Õ�Ó>WdXgLgfKZ�GJ\Af[Lr�ALgV�S[Z]XgL%fxGJW��YL
KM\��ALghBR � L¥Z]S[LgVUW»SULztJQTS[Z½Õ�QJ\MÓ>WYXgL¥GiWdfrWMV[LXLiQJL%K)L%QTS¯KMLBWdf[tJVnL�WYÔy\��AL¥SUG_LzS[GJV[L%f[GJ\dÕ�hiR

��LgXgWYtJfnL�SUGJL�eALg\YK)L,SUV�N�\dÓJSUGJL�KMLgf[G�Z�f	K)\®h_ZWLiLgh�\AQ_ÕWN�WdV[\AtJQ_h�SUG_L�V[LXLiQJL%hÃÓ>WYXgL%fgcdS[GJLHW»Õ�eA\YVnZ½SUGJK
Xg\YQ4�YLgVneALgf�O®t�Z�X�TTÕWN WYQ_h Z]f�Q_\YSzS[Z]K)L)Xg\YQJf[tJKvZ]QJeHR�~itJV�SUGJL%V[KM\AVnLYc�Z]SzZ]fzZ]KMs�\YVnSbWdQ4S�SU\!f(Z�WYs LghJeAL%f
WYhYo�WdXgLgQTS�SU\!ÕºWYVneALvÓ>WYXgL%f�Z]Q \YV[hJL%V�S[\ÆeAtiWdVUWYQTS[N W�K)L%f[G Z�Z½SUG G_Z�eYG eAL%\AKML%S[VnZ]X¿sJVn\As�L%VnSnZ�L%f5_>f[K)WdÕ½Õ
h_Z]fnSUWYQJXgLvS[\�SUGJLÃhJWdSbWYfnL%S�c¾WYf�Z�L%Õ½Õ"WYf¾G_Z]eAGESU\Asy\YÕ]\AeYZ]XBWdÕ	sJVn\As�L%VnSnZ�L%f _<Q4tJK�ÔyLgVz\YÓµ�YLgVnSnZ�X%LgfzsyLgV¾Ó>WYX%L
X%Õ]\AfnL�S[\2��cXR
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~	Z]eAtJVnL��Y�1l@_�W:c¿FHG_L9Z]Q_Z½S[Z�WdÕ¾KML%f[G Z�Z]S[G S[GJLÈZ]f[\AfntJVnÓ>WYX%L2� _<Ô=cMSUGJLEKMLgfnG L_S�\AQSUGJLÈZ]f[\Yf[tJV�Ó>WYXgLUR
FHGJL2K)L,SUV�Z�X2siWYVUWdK)L,SUL%V[fÃWdV[L)L%�AL%V(NEZ�GJL%V[L�L]O4tiW»Õ"S[\ �

	
� _>XVczFHGJL�WYhJWYs_S[Z½�AL2KMLgf[G Z�Z]S[G W!�dWdÕ]tJL)\YÓ


 � 
 ��� � ���M_>h=c¯FHGJLÃWYhiWYs_SnZ]�YLvKMLgf[G~Z�Z½SUG9W¿�dWdÕ]tJLÃ\YÓ 
 � 
���� � ���x_<LYc¯FHGJLvWYhJWYs_S[Z½�ALvKML%f[G~Z�Z]S[G9W�dWdÕ]tJLz\YÓ 
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FHGJLzÓÁ\AtJV�XgV�Z]S[LgV�Z�\AQ!KMLBWYfntJV[L%f¯WdV[LzXg\AKMsJt�SULghÆWYfHÓÁ\YÕ½Õ�\VZ�fhl
�!� Í � Í 1>���br �yÍ �J� Í � Ñ=| � | �i� Í l�P¢S�Z]f�Xg\AKMsJt_S[LghEWdf�S[GJLzVUWdSnZ�\)\YÓ�WMÓ>WdXgL�WYV[LgW)Ô:N�S[GJL�S[\YSbW»Õ�WYV[LgW

\YÓ�WvKMLgf[GBR
�!� ÍÈÍ 1 Ñ p�o �_�br ÑIp Ñ=| � | �J� Í l�P¢SrZ]fxXg\AKMsJt_S[LghEWdf ��s_Õ]tJfrS[GJL�h�ZQv�LgVnLgQJX%L�\YÓ¸Õ]LgQ_eYSUG^Ô�L,S[Z�L%LgQÈSUG_L

Õ]\AQJeAL%fnS�LghJeYL¾WYQJh)SUGJLrf[K)WdÕ½Õ�L%fnS�LghJeALr\YÓ�WzÓ>WYXgLdc�h_Z½�4Z�h_Lgh�Ô:NMSUGJLrKMLgh_Z�WYQ¿�dWdÕ]tJLx\YÓ�SUG_LrÕ]LgQJeYS[G
\YÓ$SUG_LzÓ>WdXgLzLghJeYLgf]R

�!� Í  Í �i����� Í!Ñ=| � ���$�B�YrÁ� p ����� � �_� ��� Í lµP¢SxZ]fxL%�dWdÕ]tiWdSUL%h!S[GJV[\YtJeAG�SUGJLzXg\YK)s_t_SbWdSnZ�\YQÆ\YÓ�WYV[LgW
\YÓ$SUG_L�fnsJGJL%VnZ]XBWdÕ$sy\YÕQN®eA\YQ!h_Lgf[X%VnZ]Ô�L%hÆÔ:N�SUG_L�Q_\AV[K)WdÕ��YLgX,SU\AVx\AQ�SUGJL �zWYtJfnfnZ�WYQ^fnsJGJL%V[L\R

�!� Í � Í 1>���br �yÍ Ò�r<�%�B� p � Í � Ñ �  Ò��_��� l�P¢S"Z�fµÔiWdf[Lgh2\AQMSUGJLxVUWdSnZ�\z\YÓ�SUGJL�h_Z]fnSUWYQJX%LxS[\�S[GJLrX,Õ�\Yf[Lgf�S
hiW»SbWvs�\dZ�QTSxÔ:N�SUGJLzV[WYh_Z]tJf � VnL%Ó \YÓ$SUGJLzXg\YV[V[L%f[sy\AQJh_Z]QJe)VUWYQ_eALzhiWdSbWFR

FHGJL�V[LPLJQJLgKMLgQTSxSUGJVnLgfnGJ\YÕ]h!Z]f�h_Z�KML%QJfnZ]\AQ_Õ]Lgfnf¥WYQJh�Z½SxZ]fHSUG_LgV[L,ÓÁ\AV[LzL,�YW»Õ�tiW»SULgh�Z]QJhJLgsyLgQ_hJLgQTS[ÕWN!\YÓ
SUG_L�fnZQ^gL�\YÓ¸SUG_L�KMLgfnGiR¯FHG_LÃtJf[L%V¯XgWYQÈL%Z½SUG_LgV¯fnL%SzWMSUGJVnLgfnGJ\YÕ]hÈ�YW»Õ�tJL�\AVxf[L%Õ]LgX,S¥Xg\AWYV[fnLYcyK)L%h_Z]tJK�\YV
LiQJLrV[L%f[\YÕ]t_S[Z]\AQiRµPRQ¿S[G_Z]f�XBWdf[LYc�SUGJLxSUGJVnLgf[G_\YÕ�h�Z]fHWdt_SU\AK)WdSnZ�XgWdÕ½ÕQN)Xg\YK)s_t_SUL%h�Z�Q�\YV[hJL%V�SU\�V[LXLiQJLÃ} � ��c
� � ��\AV � !��\YÓ¸W»Õ]Õ�Ó>WdXgLgfPR

FHGJL¿VnLPLiQ_LgKMLgQTSÃK)WYN9QJ\YS�syLgV�ÓÁ\AV[K Z�L%Õ½Õ"Z�Q9SUGJL)sJVnLgf[L%QJXgL2\YÓHf�SUVn\AQJeÆQ_\YZ�fnL2\YV�\Yt_S[Õ½Z�L%V[f Z�GJLgVnL
SUG_L�h_Z]fnSUWYQJXgL�Ô�L,S[Z�L%LgQESUGJL�KMLgf[GÈ�YLgV�S[Z]XgLgfzWdQJhÆSUG_LÃhiWdSUW)Z]f¯V[L,ÕºW»S[Z½�AL%ÕWNÈG�Z�eAGBR-fHSrSUGJ\AfnLÃsiWYV�SUf%c�SUG_L
V[LXLiQJL%K)L%QTS Z�\At�Õ�h V[L%f[t_Õ½S�Z]QWYX,SUtiWdÕ½ÕWN LJSnS[Z]QJe SUG_LÈQJ\YZ]f[LURÊFHGJLgVnL%ÓÁ\AVnLYc Z�LEK)WYN \AQ_ÕWN WYs_s_ÕQN SUG_L
V[LXLiQJL%K)L%QTS¾sJVn\�X%Lgf[fxWdS�fns�L%X%ZWLiLghÆsiWYVnS�\dÓ¸WvKMLgfnGiR

f¯f¯ÓÁ\YVxS[GJLvWYhiWds_SbWdSnZ�\YQÈWdÕ]eA\AV�Z]S[GJK�c�SUG_L�V[LXLiQJL%K)L%QTS�WdÕ�eY\AVnZ½SUGJK Z]f¾\AQ_ÕWN!s�L%VnÓÁ\AVnKMLgh9WdSrL%�YLgV(N=�
Z½SULgV[WdS[Z]\AQJfPR"FHG_Z�f�W»Õ]Õ]\VZ S[GJL¥KMLgf[G��YLgVnSnZ�X%Lgf�SU\vQ_Z]XgL,ÕQN¿f[sJVnLBWYh!\��AL%VHSUGJL¥fntJVnÓ>WYX%L¥\AÔ_opL%X%SYRµPRQ�eAL%QJLgV[WdÕ<c
Z�L�XbGJ\®\AfnL�WÃ�dWdÕ]tJLz\YÓ�� 
 �FR
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 � p�� � Íqp � ÍEÑ=| �b� Í Ò��� {dr p�o | �J�Y� Ñ �
S¾tJV�hJL,ÓÁ\AV[K)WYÔ�Õ�LÈKM\®hJL%Õ¯ÓÁVUWYKMLPZ�\AV(T Z]f�ÔiWYfnLgh \AQW �xLPZ�SU\YQ_ZºWdQ Õ�WYZ \YÓzKM\YS[Z]\AQ _<fnLgLELPO®tJWdS[Z]\AQ
}A}bcacyS[GiWdSxZ�Q_X%Õ]tJhJLgf¾S[GJLÃWdXgXgL,Õ�L%VUWdSnZ�\YQE\YÓmLBWdXbGÈ�ALgV�SUL
�EWYQ_hEW2hiWdK)s�Z�QJe�Ó>WdX%SU\YVxZ]QÈ\AVnhJLgVxSU\¿s_V[L%�YLgQTS
\AfnX%Z½Õ]Õ�WdS[Z]\AQJfx\YÓ$SUGJLzf�N�f�SUL%K RHØ^\Af�Srh_L%ÓÁ\AVnK2WdÔ_Õ�LzKM\®hJL%Õ�f�N�f�SUL%K)f%c�\YQ!S[GJLzXg\AQTSUV[WYV(NYckWYV[LzÔiWdf[Lgh^\AQ!W
��WYeAV[WYQJeYZ�WYQMÕºWYZ \YÓ&KM\YSnZ�\YQ�cqZ�G_LgV[LxSUGJLrf[syLgL%h�\YÓ&LgWYXbG¿�AL%VnS[LX�2Z�f�L]O4tiWdÕySU\�SUGJLrf[tJK�\YÓ�S[GJL�Z�QTSUL%V[QiW»Õ
WYQJh!LX�®S[LgV[QJWdÕ&ÓÁ\AV[X%L\R

PRQ�SUG_Z]fHfnLgX%SnZ�\YQ�c1Z�L¾Xg\AKMsiWdV[L¯S[GJL¾L$#)X,Z�L%QJXPN�S[GJL �xLPZ�S[\AQ_Z�WYQ�ÕºWYZ \YÓ�KM\YSnZ�\AQ Z�Z]S[G�SUGJL���WYeYVUWYQ�`
eYZ�WYQ�ÕºWYZ \YÓ�KM\YSnZ�\YQiR�� LzV[L%XBWdÕ½Õ&SUGJWdS�SUGJLzh_Z]f[X%V[L,SUL �rLPZ�S[\AQ_Z�WYQ^Õ�WYZ \YÓ	KM\YS[Z]\AQ�Z]f l
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Face Refinement

Local Smoothing

above threshold ?
Found a face

Swap Edges

Compute Criteria
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~	Z]eAtJVnL �A�Fl9_<W:c�~	Õ]\VZ XbGiWYVnS�\dÓ&SUGJL¥VnLPLiQJL%KMLgQTSrWdÕ�eY\AVnZ½SUGJK �Q_<Ô=c3f fnZ]KMs_Õ�L
��KMLgfnG L_S�\AQ�WÃf(N®QTSUG_L%S[Z]X
XgVn\Af[f�Z�Z]S[GJ\At_SvVnLPLiQ_LgKMLgQTS _n}B���2!!�YLgV�S[Z]XgLgf c ��_<Ô=cÃØ!Lgf[G Z�Z½SUG W!Õ�\VZ�Õ�L,�AL,ÕH\YÓ�VnLPLiQJL%KMLgQTS l _n}��T� !
�AL%VnSnZ�X%Lgf�c �d_>XVc�Ø^L%f[G Z�Z]S[GÆWMG_Z]eAG�Õ�L,�AL%Õ	\YÓ	V[LXLiQJLgKML%Q4S!_ � !��2!Ã�AL%VnS[Z]XgL%f�c �

� L�QJ\YS[L¥SUGiWdS�Z½Ó 
 
 �AcJSUGJL%QÆLPO®tJWdS[Z]\AQ �YN)X%\AV[VnLgfns�\AQ_hJfxS[\¿W ��WYeAV[WYQJeYZ�WYQ�ÕºWYZ \YÓ¸KM\YSnZ�\AQBR3frf
SUG_L�hiWYKMs_Z]QJe)Ó>WYX%S[\AV 
 h_LgXgVnLBWYfnLgf¯S[\VZHWYVnhJf�^%LgVn\JcyS[GJL�LXv7L%X%S¯\YÓ¸SUG_L�WYX%XgL,Õ�L%VUWdSnZ�\AQ^Ó>WYX%S[\AVxZ]QJX%V[LBWdf[LgfPR~i\AV 
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X%Õ]\AfnLgfnSrsy\YZ�QTS¯WdÕ]\AQJevSUGJL�QJ\AVnK)WdÕ&Õ]Z]QJLURHFHG_Z]frKML,SUGJ\®h^h_\�L%frQJ\dSreYtiWYVUWdQ4S[N¿SU\ LiQJh^S[GJL¥SUVntJL�X,Õ�\Yf[Lgf�S
hiWdSUW^sy\YZ]Q4Sgc¸ÔJt_S�Z]S�Z]f�Ó>WdZ]VnÕWN Xg\AKMsJt_SUWdS[Z]\AQiW»Õ]ÕWN L #)X%Z]LgQTSYR S¥Q SUGJL2\YSUGJL%V�GJWYQJh�c�S[GJL5J � �4&G 3 3zhiWdSUW
fnS[V[tJX,SUtJVnLYcdeYZ]�YLgf$SUGJLµSUVntJLµX%Õ]\Af[L%fnS¸sy\YZ]QTS$ÓÁVn\AKÊW��AL%VnSUL
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PRQÈSUG_Z]f¥f[L%X%SnZ�\AQ7ciZ�LvX%\AKMsiWYV[L�SUGJLvWdXgXgt_VUWYXXNEWYQJhÈS[GJLÃX%\AKMsJt_SbW»S[Z]\AQiWdÕ�L$#)X%Z]LgQJXXNE\YÓµSUG_\Af[L�S[Z�\
KML%S[GJ\�h_fH\AQ¿S[GJV[L%L¾XBWYfnLgfPR�FHG_L¾SUGJVnLgL¾KMLgfnGJLgf�WdV[L¯fnGJ\VZ�Q�V[Lgfns�L%X%SnZ]�YL%ÕWN�Z�Q LJeAtJV[L � � _<W:c�WYQ_h LieAtJVnL
N_} _�W:c _<Ô�cXR�FHGJLXN^X%\AV[VnLgfns�\AQ_hÆSU\)SUGJVnLgL�fnSbWdeALgfr\YÓmhJL,ÓÁ\AV[K)WdSnZ�\AQ Z�Z]S[GÆhJL%XgVnLBWYf�Z�QJe�h�Z�f�SbWYQJX%L�S[\2SUG_L
\AV�Z�eYZ]QiWdÕ�hiWdSbW l"WdÓ´S[LgVHZ]Q_Z]SnZºW»Õ]ZQ^BWdSnZ�\YQ�ckWdÓ´SUL%VHSUGJL�LiVnfnSxhJL,ÓÁ\AV[K)WdSnZ�\AQ^WYQJh!WdÓ´S[LgV�V[LXLiQJL%K)L%QTSYR

w®Z]QJXgLµSUGJL'T4h�`�SUV[L%LµK)L,SUGJ\®hzeYZ½�ALgf�SUG_LµS[V[tJLµX,Õ�\AfnLgf�S¸qmtJX,Õ]Z]hJLBWdQ�h_Z]fnSUWYQJX%L"S[\�S[GJLµhiWdSUW_cVZ�L"L%�dWdÕ]tiWdS[L
SUG_L¿WYX%XgtJV[WYXPN9\dÓ�SUG_L)s_V[\YopL%X%S[Z]\AQ K)L,SUGJ\®h�c$Ô:N9Xg\AKMsiWYV�Z�Q_e!ÓÁ\AVzLgWYXbG �YLgVnS[LX��c�S[GJLMX%Õ]\Af[L%fnSÃh�Z�f�SbWYQJX%L
eYZ½�AL%Q2Ô:NÃS[GJL�sJV[\dopLgX%SnZ�\YQ2KML%S[GJ\®h Z�Z½SUGvS[GJL�h_Z�f�SbWYQ_XgL�eYZ½�ALgQ)Ô:N�S[GJL T®h®`¢SUVnLgL�KML%S[GJ\®hiRMfrÕ½Õih_Z]fnSUWYQJX%Lgf
WYVnL¥K)LgWYf[t_V[LghÆWdÕ]\AQJevSUGJLzQJ\YV[K)WdÕ&h_Z]V[L%X%SnZ�\AQ^WdSxWv�AL%VnSUL
��ckZ]Q�\AV[h_LgV�SU\MV[L%KM\C�YL�S[GJLzLPv�LgX,Sr\dÓ�fnsiWYV[fnL
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WYf�SUG_L�KMLgfnG^Z]frX,Õ�\Yf[LgV�SU\MSUG_L�V[WYQJeALzhiWdSUW1R�FHGJL��YLgV�S[Z]XgLgfDZ�GJLgVnL�S[GJL�LgV[Vn\AV�V[L%K2W»Z�QJf�Õ�WYV[eALzL,�ALgQÆ\AQ
SUG_L)VnLPLiQ_Lgh KML%f[G�c$Xg\AVnV[L%f[sy\AQJh9SU\�siWYV�SUf�Z�GJLgVnL)S[GJLMVUWYQ_eALMhiWdSbW�Z]f¥Z�QJX%\AKMs_Õ]L%SULu_<fntJXbG WdfzS[GJLvS[Z]s
\YÓ¸S[GJLzÓÁ\�\YS�cxWdQJh^S[GJLgVnL%ÓÁ\AVnL�hJ\®LgfxQJ\YS¯GiWB�ALÃWdQ^Z]K)sy\AV�SbWYQTS¯Z]Q1`it_LgQJX%LÃ\AQ^S[GJL�\��YLgVUW»Õ]Õ	f[GiWds�L�\YÓ¸SUG_L
hJL,ÓÁ\AV[K)WYÔ_Õ]LzKM\�hJL,Õ�R

FHGJL�X%\AKMsJt_SUWdS[Z]\AQiWdÕ	Xg\YfnS¾\dÓ¸Ôy\YSUG^K)L,SUGJ\®hJf¯WYV[L�Xg\AKMsiWYVnLghÆZ]Q^SUWYÔ_Õ]LÃN"!FR�P¢S¾WYs_s�LgWYV[fxSUGiWdSxSUG_L
L$#)X,Z�L%QJXPNE\dÓmSUGJL T4h�`�SUVnLgLvKML%S[GJ\�hÈZ]f¯Õ½Z�Q1TYLgh~Z�Z½SUGESUG_LÃVUWYh�Z�tJf
� VnL%Ó \YÓµfnLBWYVnXbG WYV[\At_QJhÈSUGJL��ALgV�SUL
�WYQJh2SUGJL%V[L%ÓÁ\YV[L-Z�Z½SUG�S[GJL¯h�Z�f�SbWYQJX%L¾ÔyL%S[Z�LgLgQ�S[GJL¯KMLgfnG�WYQJh¿S[GJL¾hiW»SbW1R � G_LgQ�SUG_L¯KMLgfnG�Z�f"Ó>WYVHWYZ�WVN
ÓÁV[\YK SUG_L^hiW»SbW_cµSUGJL T4h�`�SUV[L%L�K)L,SUGJ\®h Z�f=� �ÆS[Z]KMLgf)fnÕ]\bZ�LgVMSUGJWYQ S[GJL�sJV[\dopLgX%SnZ�\YQ KML%S[GJ\�h7Z�GJ\AfnL
Xg\YK)s_t_SbWdSnZ�\YQiWdÕ	Xg\Af�S¯Z]frZ]QJhJLgsyLgQ_hJLgQTSz\YÓ � VnL%Ó R�S¾QÆSUGJL�\YSUG_LgVxGiWYQJh�cySUGJL�T4h�`¢S[V[LgL�KML%SUG_\�hÆZ]f¯\YQ_ÕQN
���	�!S[Z]KMLgfÃKM\AVnL¿L
�_syLgQ_fnZ½�AL\R9PRQ W»Õ]Õ�XBWYfnLgf%cµS[GJL¿X%\AfnS�ÓÁ\AV�Ô_t_Z]Õ]h_Z]QJeÈSUG_L T4h�`¢S[V[LgL2\YÓ�SUG_L � � � � � � �VUWdQJeAL¾Z]K2WdeAL�ZHWYf�� � ��� � R~iV[\AK S[G_Z]f2L
�_syLgV�Z�KML%Q4Sgc Z�L!Xg\YQJX%Õ]tJhJL�SUGiW»S Z�G_LgQ S[GJL!XBWdÕ½Z�Ô_VUWdSnZ�\AQ siWYV[WYKML%S[LgV)\YÓrS[GJL!VUWYQJeYL
f[L%QJf[\YV¥WYV[L!T®Q_\bZ�Q7c7SUGJL�sJV[\YopL%X%SnZ�\AQEKML,SUGJ\®hÈZ�f¯Ô�L,S[SUL%V�`¢f[t_Z½SUL%hÈSUGiWYQ^SUGJL T4h�`�SUVnLgLÃKML%S[GJ\®hEÔ�L%XBWYtJfnL
\YÓmZ½SUf¾Õ]\VZ×X%\AKMsJt_SUWdS[Z]\AQiWdÕmWYQJhEKMLgKM\AV�NÈV[LPO4t_Z�VnLgKMLgQTS]RÃ~itJVnS[GJLgVnKM\AV[Ldc7SUGJL�s�\®\AV¾WdXgXgt_VUWYXXNÈ\YÓµSUG_L
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w®SUWYVnSnZ�QJe ÓÁV[\AK W V[\YtJeAG L%fnSnZ�K)WdS[LÆf[G_\bZ�Q Z�Q?LieAtJVnL�� � _�W:cac�S[GJL^KML%f[Gsy\AfnZ½S[Z]\AQ W»Ó´SULgV)WYs_s_ÕQN4Z]QJe
SUG_L LJV[fnS�fnSUWYeALM\YÓ�hJL%ÓÁ\AVnK)WdS[Z]\AQ9Z�fzf[G_\bZ�Q Z�Q LieAtJVnL)N_} _�W:c
R¿FHG_Z]f�K)\®hJL,ÕµGiWYf)} � �"!��AL%VnSnZ�X%LgfÃWdQJh
\��AL%V[f[KM\®\YSUG_LgfrS[GJL¥f[GJWYs�L�\YÓ$SUGJLz\AV�Z�edZ�QiW»Õ&hiWdSUW1R

� L¥VnLPLiQ_LzS[G_Z]f�K)L%f[G!ÔiWYfnLgh!\AQ�SUGJLzKMLgfnG�h_Z�f�SbWYQ_XgL¥SU\vSUG_L¥hiWdSbWFRmPRQ�S[G_Z]f�LX�_WYKMs_Õ]LYcHZ�L�XbG_\�\AfnL
S[Z�\�h_ZWv7L%V[L%Q4S�V[LXLiQJLgKML%Q4S�Õ�L,�AL%Õ]f�fnL%S�Ô:N)S[Z�\�VnLPLiQ_LgKMLgQTS�KMLBWdf[tJVnLgf]R"FHGJL LiVnfnS�V[LPLJQJLgKMLgQTS�KMLgWYf[tJVnL
GiWYf2Ô�L%LgQWdt_SU\AK)WdSnZ�XgWdÕ½ÕQN Xg\YK)s_t_SUL%h Z�Q \AV[hJL%V)S[\ VnLPLiQJL � � � \YÓ¾S[GJLÆ\YVnZ]eYZ�QJWdÕxQ®t_K�ÔyLgV¿\dÓ¾Ó>WYXgL%f
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SU\)XbGJ\®\AfnZ]QJe2W)K)Wt�®Z]K�tJK Ôy\AtJQJh�ÓÁ\AVHS[GiWdSxh_Z]fnSbWdQJXgLURHFHGJL LiV[f�SxV[LPLJQJLgKMLgQTS¯K)LgWYf[t_V[L�X%\AV[VnLgfns�\AQ_hJf
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PRQ S[G_Z�f�f[L%X%S[Z]\AQ�cjZ�L�h_LgKM\AQJf�SUVUW»SUL2S[GiWdS�\AtJV�V[L%Xg\AQJf�SUVntJX%SnZ�\AQ fnXbGJLgKML�XgWYQ SbWUTYL2Z]QTSU\ÆWYXgX%\AtJQTSÃSUG_L
XbGiWYQ_eAL�\YÓ�Xg\AQ_QJLgX,S[Z½�®Z½S[N�RrØ^\YV[L�sJV[L%X%Z]f[L%ÕWNAc�fnSUWYVnSnZ�QJe)ÓÁV[\AK�W2fnZ]KMs_Õ]LX�^KMLgf[G7c�SUG_L�X%V[LBW»S[Z]\AQÆ\YÓ�GJ\YÕ]Lgf%c
WYfMhJL%f[XgV�Z�ÔyLgh Z�Q f[L%X%S[Z]\AQ � RüNFR]}Ac"XBWdQ fnLgsiWYV[WdSUL^W9fnZ]K)s�Õ�L
� KML%f[G Z]QTSU\9S[Z�\ Z�Q_hJLgsyLgQJh_LgQTS�KMLgfnGJLgfPR
FHGJLrXbGiWYQJeALx\YÓ7Xg\AQJQ_LgX%SnZ]�4Z½S[N¿\®XgX%tJV[f'Z�GJL%Q¿SUGJLxsiWYV�S�\dÓ7SUG_L-^%\AQJL�Z�QTSUL%V[sy\YÕ�WdSUL%h¿GiWYf"KM\AV[L�SUGJWYQ¿\AQ_L
Ôy\AV[hJL%V]R

PRQ SUG�Z�f�LX�_WYKMs_Õ]LYcMZ�L�tJf[L¿W^sJVnL,`¢f[LgeYK)L%QTSULgh �Y\YÕ�t_K)L,SUV�Z�X¿Z]K)WYeAL2Xg\AQJf�Z�f�S[Z]QJeÈ\YÓHK2WdQ®tJWdÕ]ÕWN f[Lge»`
KMLgQTSUL%h X%\AQTSU\AtJVnf]R¿FHGJL2h�Z�#)Xgt�Õ]S[NEÕ½Z�L%f�Z]Q Ô_t_Z]Õ]h_Z]QJe^W!fnK)\®\YS[G eAL%\AKML%S[VnZ]X)KM\®hJL%ÕµS[GiWdSzX%Õ]\AfnL%ÕWN L_S
SUG_\Af[LzXg\YQ4S[\AtJVnf]R"ÖrZ]V[LgX,S¯VnLgX%\AQJfnS[V[tJX,S[Z]\AQ^S[LgXbGJQ�Z�O4tJL%fgcyf[tJXbGÆWYfxÖ¯L%Õ�WYtJQiWYN�S[VnZ�WYQJeAt_Õ�WdSnZ�\AQ 
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SUG_L�ØÆWYVnXbG_Z]QJe e�tJÔyLgfvWdÕ]eA\AV�Z]S[GJK�c¸LX�®S[VUWYsy\YÕ�WdSUL)SUGJL2Xg\AQTSU\YtJV[fhZ�Z]S[GJ\At_SÃSUW\TTZ�Q_eÆZ�QTS[\EWYXgX%\AtJQTSvWdQEN
f[KM\®\YSUG_QJLgfnfrX%\AQJfnS[VUWdZ]QTSYR

PRQ \At_VzÓÁV[WYKMLPZ�\AVkTkc$SUGJL)hJL%ÓÁ\YV[K)WYÔ_Õ]L2KML%f[G Z]f�W»S[SUV[WYX%S[Lgh Ô:N S[GJL)Xg\AQTSU\YtJV[f�WYQJh f[tJÔ_KMZ½S[S[Lgh S[\
V[L%eAt_Õ�WYVnZQ^%Z]QJe9ÓÁ\AV[X%LgfPR F�\ X%\AKMsJt_SUL�S[GJLÆW»S[SUV[WYX%SnZ�\YQ ÓÁ\YV[XgLdcKZ�L^f�Z�KMs_ÕWN Xg\YQJfnZ]hJLgV)SUGJL�X%\AQTSU\AtJVnf¿Wdf
Lgh_eALx�Y\Y�_L,Õ�fPR�� LxfnSUWYVnSµSUG_LrVnLgXg\YQJfnS[V[tJX,S[Z]\AQ¿\YÓ�SUGJL�Õ]tJQJeAfxZ�Z½SUG2S[GJLrWYt_SU\YK2W»S[Z]X�Z]Q_Z½S[Z�WdÕ½Z�^gWdS[Z]\AQ¿\dÓ7SUG_L
KMLgfnG¿WYVn\AtJQJhvS[GJL�hiWdSbWFR � L�XbGJ\Af[L�S[GJL�f[sJGJL%VnZ]XBWdÕiS[\Asy\YÕ�\Ye\NvWYQ_h)\YÔ_SbWdZ]Q)W¾KMLgf[G)f[t_V[V[\YtJQJh_Z]QJe�Ô�\YS[G
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SUG_L�V[L%KM\C�dWdÕ�\YÓ¸S[GJL�Z]Q4S[LgVns�\YÕ�WdS[LghÆ�YLgVnSnZ�X%Lgf¥L%Q4SUWdZ½Õ�f¯S[GJLÃfnLgsiWYV[WdS[Z]\AQÈ\dÓmSUGJL�K)L%f[GÈZ]QTSU\¿S[Z�\�KMLgf[G_Lgf
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�_WYKMs_Õ�LdcDZ�LEV[L%Xg\AQ_fnSUVntJX%S�S[GJLÆ�YLgQTSUV�Z�X,Õ�L%fgc¾W»SUVnZ]tJKMf�WYQJh SUGJLÈsyLgV�Z�XgWYV[h�Z�tJK ÓÁV[\AK W F¾},`
Z�L%Z]eAGTSULgh ØÆw�PÃ�A\dÕ�tJKML,SUVnZ]XÆZ]K)WYeAL\R FHGJLÆZ]K)WYeALÆX%\AV[VnLgfns�\AQ_hJf¿SU\ W V[\Yt_S[Z]QJLÈWdX]O4t_Z]fnZ½S[Z]\AQ\YÓ¥SUG_L
WYÔyhJ\AKMLgQ WYQJh Xg\AQ_fnZ]fnSUf2\YÓ¾\YQ_ÕQN } ! f�Õ]Z]XgL%f Z�Z½SUGJ\At�S�WYQ:N X%\AQTSUVUWdfnS2WYeAL%Q4S]R ��L%XBWYt_f[LÆ\dÓ¯SUG_L!Õ]\VZH`
Xg\YQ4S[VUWYf�SBc�hJL%ÓÁ\AVnK)WYÔ_Õ]L¾KM\�hJL,Õ�fHWYV[L¯S[GJL¾\AQ�ÕQN2WdÕ½SUL%V[QiWdSnZ]�YL¾SU\ÃK)WYQ4tiW»Õ�f[L%eAKMLgQTSbW»S[Z]\AQiR"~itJVnS[GJLgVnK)\YV[LYc
Z�LHXBWYQ_QJ\YS�Z]Q_Z½S[Z�WdÕ½Z�^%L�WYt_S[\AK)WdS[Z]XBWdÕ½ÕWN�\At_V�KM\�h_L%Õ]f¸Ô�L%XBWYt_f[L�Z½S�Z]f�Z]K)sy\AfnfnZ]Ô_Õ�L�SU\¯Z]f[\YÕ�WdS[L�SUGJL"�AL%Q4S[VnZ]X%Õ]Lgf
WYQJhÃWdSUV�Z�tJKMf$Z�Q�S[GJL�Z]K)WYeALUR�PRQJf�SULBWdh�c�Z�L�Z�Q_Z½S[Z�WdÕ½Z�^%L�S[GJL��AL%QTSUVnZ]X%Õ]LgfµWdQJhvWdS[VnZ]tJK³K)\®hJL,Õ�f�WYf�L,Õ]Õ½Z�s_f[\YZ]hJf
_ LJeAtJV[LµN � _�W:c(c7WYQJh Z�L"K)WYQ4tiW»Õ]ÕWN¥sy\AfnZ½S[Z]\AQ¥SUGJL%K Z�Z½SUG_Z]Q�S[GJL¸Z]K2WdeAL\R	FHGJLµs�L%VnZ]XBWYVnh_Z]tJK Z]f�Z]Q_Z½S[Z�WdÕ½Z�^%Lgh
WYfxWvXPN4Õ½Z�QJh_LgV]R
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Z]Q_ÓÁ\AV[K)WdSnZ�\YQ Z�WYfµXg\YK)s_t_SUL%h¿WYf"W �YÖeAV[WYh_Z]LgQTS"Ô�L%XBWYtJfnL�SUGJL�Z]Q4S[LgVnfnÕ½Z�X%Lrh_Z]fnSUWYQJX%LxZ]fµfnZ��vS[Z]KMLgfmÕºWdV[eAL%V
SUGJWYQ!S[GJLzs_Z��_L,Õ�fnZQ^gLUR

� LuLiV[f�S�hJL,ÓÁ\AV[K SUG_\Af[L^K)\®hJL,Õ�f5Z�Z½SUG W G_Z]eAG VnZ]eYZ]h_Z½S[N siWdVUWYKML%S[LgV¿WYQJh�cHZ]QW fnLgXg\YQJhfnSUWYeALYc
Z�L2hJL%XgVnLBWYfnL2SUG_L)V�Z�edZ�h_Z½S[N9siWYV[WYKML%S[LgVzSU\^W�KvZ]Q_Z]K�tJK Z�G_Z½Õ�L)fnÕ½Z]eAGTS[ÕWN VnLPLiQ�Z�QJe�SUG_L2KMLgfnGJLgf�ÔiWYfnLgh
\AQ WdV[LBWFR ��L%XBWYtJfnL�\YÓ�S[GJL¿Vn\AtJeAG Z]Q_Z½S[Z�WdÕ½Z�^gWdS[Z]\AQ \YÓ�S[GJL¿KM\®hJL%Õ]fgcMZ�L�WdÕ½Õ]\bZ�S[GJL¿tJfnLgV�S[\ÈeAV[WYÔ SUG_L
KMLgfnG Õ]\®XBWdÕ½ÕQN9Z]Q \AV[h_LgV�S[\ÈV[L%K)\��YL�Z]S�ÓÁV[\AK WÆÕ]\�XgWdÕ�KvZ]Q_Z]K�tJK R �r\VZ�L%�YLgVgc'Z�L�ÓÁ\AtJQJh S[GiWdS�tJfnZ]QJe
SUG_L)X%\AGJL%V[LgQ_XgL¿ÔyL%S[Z�LgL%Q SUG_L)eYVUWYh_Z]LgQTS�h_Z]V[L%X%S[Z]\AQ WYQJh9SUGJLM\AV�Z�L%Q4SUWdS[Z]\AQ \YÓ�S[GJLMhJL%ÓÁ\YV[K)WYÔ_Õ]L2KM\®hJL%Õ
eAVnLBWdSnÕQN GJL%Õ]sJfvSUGJL�fnLgeAKML%Q4SUWdS[Z]\AQiR FHG_L�VnZ]eAGTS)WYQJh Õ�L,Ó´Sv�AL%Q4S[VnZ]X%Õ]Lgf)GiWB�AL�ÔyLgLgQ LBWdfnZ½ÕQN fnLgeAKML%Q4S[Lgh
_ LJeAtJV[L�N � _>Ô=c�WYQJh _>XVc(c9Z�G_Z½Õ]L�SUGJL�V[L%Xg\��AL%V(N^\YÓ¸S[GJLÃWdS[VnZ]tJKMfxZ]f¯KM\AVnL�s_V[\AÔ_Õ]LgK)WdSnZ�XUR�PRQÈsiWYV�S[Z]Xgt_Õ�WYVgc
SUG_LrV�Z�eAGTS�WYQJhMÕ]L%Ó´S�WdSUV�Z�tJK×Z�QTSUL%V[fnLgX%S�LBWYXbG2\YSUG_LgVµÔ�L%XBWYt_f[LrS[GJLxf[Lgs�SUtJK fnLgsiWYV[WdS[Z]QJe�SUGJL�S[Z�\�XBWB�4Z½S[Z]Lgf
Z]fmKMZ]f[f�Z�Q_e�Z]QMS[GJLHZ]K2WdeAL _ LieYtJV[LxN � _>G=ckc
R�PRQ�LieAt_V[L�N � _ÁZ c	S[GJL�fnÕ½Z]X%Z]QJe�\dÓyS[GJL�h_ZWv7L%V[LgQTS"KM\�h_L%Õ]fmf[GJ\VZ�f
SUG_LMWYXgX%tJVUWYXXNEV[LgWYXbGJL%h Z]QESUGJLvfnLgeAKMLgQTSUWdS[Z]\AQiR f ÔyL%SnSUL%V�LJSzXg\Yt_Õ�h9ÔyLvV[LgWYXbGJLgh Ô:NÈZ]QJXgVnLBWYf�Z�QJe�SUG_L
V[L%f[\YÕ]t_SnZ�\AQ¿\YÓ7S[GJLrKM\®hJL%Õ]fHW»S�S[GJLrL
��s�L%QJf[L¾\dÓ�Xg\YK)s_t_SbWdSnZ�\YQ¿S[Z]KML\RµFHGJLxQ4tJK�ÔyLgVH\dÓ7�AL%VnSnZ�X%Lgf�ÓÁ\AVµSUG_L
VnZ]eAGTS �CÕ�L,Ó´SÃ�AL%Q4S[VnZ]X%Õ]Lgf%c�SUGJL¿VnZ]eAGTS �»Õ]L%Ó´S)WdS[VnZ]tJK WYQJh SUG_L�s�L%VnZ]XBWYVnh_Z�t_K Z]fvV[Lgfns�L%X%SnZ]�YL%ÕWN }����2!_c�} � �"!_c
}�N�� !_c�} � � �ÃWYQJh^NA�A�1R
��	 � 		� ��Í � Ñ p �%��� �$�Y�br Ñ p � Î R �J���C�
� GJL%Q^SUG_L�\AÔ�opLgX%SrSU\)V[L%Xg\��AL%VrZ]frf�SUV[\YQJeYÕWN�QJ\AQ�`¢Xg\AQT�AL
�È\YVxQ_\AQ�`Rf�SbWYV�fnGiWYsyLgh�ckZ]SrK)WYN�Ô�L�QJLgX%LgfnfUWYV�N
SU\MVnLgXg\��YLgVxf[tJÔ�`¢siWYV�SUfx\YÓ	S[GiWdS�\AÔ�opLgX%SrWYQ_h^fntJÔJf[LPO4tJLgQTS[ÕWN)op\YZ�Q�S[GJLzh_ZQv�LgVnLgQTSrsiWYVnS[f]R

~i\AV¯Z]QJfnSUWYQJXgLdciZ�LvGJW��YLvV[L%Xg\AQJf�SUVntJX%S[Lgh W�GiWYQJhEKM\®hJL%ÕmÔ:N^V[L%Xg\AQJf�SUVntJX%SnZ�QJe�Z]QJhJLgsyLgQ_hJLgQTS[ÕWNESUG_L
siWdÕ]K WdQJhÈSUGJL � LJQJeALgVnf]R�FHGJ\Af[LMKM\®hJL%Õ]f¥GiWB�ALMÔyLgLgQEZ]Q_Z½S[Z�WdÕ]ZQ^gL%h Z�Z½SUG W�fnsJGJLgVnL)WYQJh � XPN4Õ½Z�QJh_LgV[f%c
WYf�f[LgL%Q�Z�Q LieAtJVnL¾NA�H_<W:cXRjfrÓ´S[LgV�VnLgX%\C�YLgV�Z�QJevLgWYXbG�s_Z]LgX%Lgfgc�SUGJLXN¿GiWB�YL¾Ô�L%LgQ�WdV[L¯K)WYQ4tiW»Õ]ÕWN)Xg\AQJQ_LgX%S[Lgh
Z�Z½SUGÆfnL%�YLgVUW»Õ � !
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SUL
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�®Z�Ô_Z½Õ½Z]S[N \YÓ¯S[GJL!fnZ]K)s�Õ�L
� KML%f[G VnLgsJVnLgf[L%QTSbWdSnZ�\AQ WdÕ]Õ]\VZ�f)S[\
syLgVnÓÁ\YV[K�S[GJLzV[L%Xg\AQJf�SUVntJX%SnZ�\AQ^Ô:N�siWYVnS[f�Z�Q!WMfnSUV[WdZ]eAGTS[ÓÁ\AV�ZHWYVnh^K)WYQ_QJLgVPR

FHG_Z]f�S[LgXbGJQ_ZQO4tJL2Z]fztJf[L,ÓÁt_Õ�WYf�Z�L,Õ]ÕµÓÁ\AV¥VnLgX%\AQJfnS[V[tJX,S[Z]QJeÈWdQ \YÔ_opLgX,S�ÓÁVn\AK K)WYQ:N9QJ\AQ®`RV[L%Xg\��AL%VnZ]QJe
VUWdQJeAL¯Z]K)WYeALgfPRmPRQ�SUG_Z]fHXgWYf[Ldc_Z]S�Z�fHh�Z�#)Xgt�Õ]S�S[\ÃKMLgV[eYL¥WdÕ½Õ�hiWdSUW�sy\YZ�QTS[f�Z�Q�S[GJL¾f[WYKML¾ÓÁVUWYKML\R � L¾XgWYQ
V[L%Xg\��AL%VxS[GJL¥h_ZWv7L%V[L%Q4SrsiWYV�SUf�\YÓ$SUG_L¥\AÔ_opLgX,S�ÓÁV[\AK�LBWYXbG�Z�K)WYeYLYckWYQJh�S[GJLgQ!KMLgV[eYL¾SUGJLzKMLgfnGJLgfxÔiWYfnLgh
\AQ!f[\AKML�V[\AtJeYG^V�Z�eYZ]h�SUVUWdQJfnÓÁ\AVnK)WdS[Z]\AQ!Ô�L,S[Z�L%LgQÈSUG_L��dWYV�Z�\At_f�Z]K)WYeAL%f]R � L�GJW��YL�Ô_t_Z]Õ]hEWMXg\AKMs_Õ]L%S[L
Ôy\�h1NÈK)\®hJL,Õ3Z�Z½SUG L%Õ]L%�YLgQ h_Z]fnSnZ�QJX,S�Ôy\®h1N9siWYV�SUf�fnSU\YV[Lgh WYf�eKN®Ô�L%V(Z�WYV[L�V[WYQJeALvZ]K)WYeALgf _<fnLgL LieAtJVnL
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Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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